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HEWLETT 
(7) PACKARD 
SAFETY SUMMARY 


The following general safety precautions must be observed during all phases of operation, service, and repair of this 
instrument. Failure to comply with these precautions or with specific warnings elsewhere in this manual violates 
safety standards of design, manufacture, and intended use of the instrument. Hewlett-Packard Company assumes no 
liability for the customer's failure to comply with these requirements. This is a Safety Class 1 instrument. 


GROUND THE INSTRUMENT 


To minimize shock hazard, the instrument chassis and cabinet must be connected to an elec- 
trical ground. The instrument is equipped with a three-conductor ac power cable. The power 
cable must either be plugged into an approved three-contact electrical outlet or used with a 
three-contact to two-contact adapter with the grounding wire (green) firmly connected to an 
electrical ground (safety ground) at the power outlet. The power jack and mating plug of the 
power cable meet International Electrotechnical Commission (IEC) safety standards. 


DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE 


Do not operate the instrument in the presence of flammable gases or fumes. Operation of any 
electrical instrument in such an environment constitutes a definite safety hazard. 


KEEP AWAY FROM LIVE CIRCUITS 


Operating personnel must not remove instrument covers. Component replacement and internal 
adjustments must be made by qualified maintenance personnel. Do not replace components 
with power cable connected. Under certain conditions, dangerous voltages may exist even with 
the power cable removed. To avoid injuries, always disconnect power and discharge circuits 
before touching them. 


DO NOT SERVICE OR ADJUST ALONE 


Do not attempt internal service or adjustment unless another person, capable of rendering first 
aid and resuscitation, is present. 


DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT 


Because of the danger of introducing additional hazards, do not install substitute parts or per- 
form any unauthorized modification to the instrument. Return the instrument to a Hewlett- 
Packard Sales and Service Office for service and repair to ensure that safety features are main- 
tained. 


DANGEROUS PROCEDURE WARNINGS 


Warnings, such as the example below, precede potentially dangerous procedures throughout 
this manual. Instructions contained in the warnings must be followed. 


Dangerous voltages, capable of causing death, are present in this instrument. Use ex- 
treme caution when handling, testing, and adjusting. 


SAFETY SYMBOLS 


General Definitions of Safety Symbols Used On Equipment or In Manuals. 


Instruction manual symbol: the product will be marked with this 
symbol when it is necessary for the user to refer to the instruction 
manual in order to protect against damage to the instrument. 


Indicates dangerous voltage (terminals fed from the interior by 
voltage exceeding 1000 volts must be so marked). 


Protective conductor terminal. For protection against electrical 
shock in case of a fault. Used with field wiring terminals to in- 
dicate the terminal which must be connected to ground before 
operating equipment. 


Low-noise or noiseless, clean ground (earth) terminal. Used for a 
signal common, as well as providing protection against electrical 
shock in case of a fault. A terminal marked with this symbol must 
be connected to ground in the manner described in the installation 
(operating) manual, and before operating the equipment. 


Frame or chassis terminal. A connection to the frame (chassis) of 
the equipment which normally includes all exposed metal struc- 
tures. 


Alternating current (power line). 
Direct current (power line). 


Alternating or direct current (power line). 


The WARNING sign denotes a hazard. It calls attention to a pro- 
cedure, practice, condition or the like, which, if not correctly per- 
formed or adhered to, could result in injury or death to personnel. 


The CAUTION sign denotes a hazard. It calls attention to an 
Operating procedure, practice, condition or the like, which,if not 
correctly performed or adhered to, could result in damage to or 
destruction of part or all of the product. 


The NOTE sign denotes important information. It calls attention 
to procedure, practice, condition or the like, which is essential to 
highlight. 


SECTION | 
GENERAL INFORMATION 


1-1. INTRODUCTION. 


1-2. This Operating and Service Manual contains infor- 
mation necessary to install, operate, test, adjust, and 
service the Hewlett-Packard Model 3455A_ Digital 
Voltmeter. 


1-3. Included with this manual is an Operating infor- 
mation supplement. The supplement is a duplication of 
the first three sections of this manual and should be kept 
with the instrument for use by the operator. 


1-4. This section of the manual contains the perfor- 
mance specifications and general operating 
characteristics of the 3455A. Also listed are available 
options and accessories, and instrument and manual 
identification information. 


1-5. SPECIFICATIONS. 


1-6. Operating specifications for the 3455A are listed in 
Table 1-1. These specifications are the performance 
standards or limits against which the instrument is 
tested. Table 1-2 lists general operating characteristics 
of the instrument. These characteristics are not 
specifications but are typical operating characteristics 
included as additional information for the user. 


1-7. INSTRUMENT AND MANUAL IDENTIFICATION. 


1-8. Instrument identification by serial number is 
located on the rear panel. Hewlett-Packard uses a two» 
section serial number consisting of a four-digit prefix 
and a five-digit suffix separated by a letter designating 
the country in which the instrument was manufactured. 
(A = U.S.A.; G = West Germany; J = Japan; U = 
United Kingdom.) The prefix is the same for all iden- 
tical instruments and changes only when a major instru- 
ment change is made. The suffix, however, is assigned 
sequentially and is unique to each instrument. 


1-9. This manual applies to instruments with serial 
numbers indicated on the title page. If changes have 
been made in the instrument since this manual was 
printed, a yellow ‘‘Manual Changes’’ supplement sup- 
plied with the manual will define these changes and ex- 
plain how to adapt the manual to the newer in- 
struments. In addition, backdating information con- 
tained in Section VII adapts the manual to instruments 
with serial numbers lower than those listed on the title 
page. 


1-10. Part numbers for the manual and the microfiche 
copy of the manual are also listed on the title page. 


1-11. DESCRIPTION. 


1-12. The Model 3455A Digital Voltmeter makes ac 
voltage measurements with five digit resolution and dc 
voltage and resistance measurements with 5 or 6 digit 
resolution as programmed by the user. The 3455A 
employs an automatic calibration (AUTO CAL) feature 
which automatically corrects for possible gain and off- 
set errors in the analog circuitry to provide maximum 
accuracy. A removable reference module permits exter- 
nal calibration of the dc voltage and resistance func- 
tions. The reference module can be removed, calibrated 
and returned to the instrument, or the module can be 
replaced with another recently calibrated reference. A 
MATH feature permits voltage or resistance 
measurements to be scaled into convenient units or to be 
read directly in percent error from a selected reference. 
The 3455A is HP-IB programmable for system applica- 
tions. 


NOTE 


HP-IB is Hewlett-Packard’s implementation 
of IEEE std 488-1975, ‘‘standard digital in- 
terface for programmable instrumentation’. 


1-13. OPTIONS. 


1-14. The following options are available for use with 
the Model 3455A: 


Option 001: Average Responding AC Converter 

Option 907: Front Handle Kit 

Option 908: Rack Mounting Kit 

Option 909: Front Handle and Rack Mounting Kit 

Option 910: Additional Set of Operating Informa- 
tion and Operating and Service Manuals 


1-15. Accessories Supplied. 


1-16. A service kit (-hp- Part No. 03455-84411) con- 
sisting of a PC extender board and a fuse is supplied 
with the Model 3455A. 


1-17. ACCESSORIES AVAILABLE. 


1-18. The following is a list of accessories available for 
use with the Model 3455A. 


Accessory No. Description 


L1177A 3455A Reference Module 
34111A High Voltage Probe (40 kV dc) 
10631A HP-IB Cable | meter (39.37 in.) 
10631B HP-IB Cable 2 meter (78.74 in.) 
10631C HP-IB Cable 4 meter (157.48 in.) 


03455-61609 Inguard/Outguard Service Cable 
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1-19. Recommended Test Equipment. 1-21. SAFETY CONSIDERATIONS. @ 
1-20. Equipment required to maintain the Model 34554 1-22. The 3455A is a safety class 1 instrument (provided 

is listed in Table 1-3. Other equipment may be with a protective earth terminal). The instrument and 
substituted if it meets the requirements listed in the manual should be reviewed for safety symbols and in- 

table. structions before operation. 


Table 1-1. Specifications. 


DC VOLTAGE 


Specifications apply with Auto-Cal ON 


A : (1 digit = .001% of 
Ranges Maximum Display comramy: 11 digi % of range) 


24: hours; 23°C 41°C 


High High High High 10V range: +(0.002% of reading + 3 digits) 
Resolution Resolution Resolution Resolution 100 & 1000V range: +(0.004% of reading + 3 digits) 
1V range: +(0.003% of reading + 4 digits) 
+.149999V = 90 days; 23°C +5°C 
a a 10V range: +(0.005% of reading + 3 digits) 
+ + 100 & 1000V range: +(0.007% of reading + 3 digits) 
= + 1V range: +(0.006% of reading + 4 digits) 
= = 6 months; 23°C 45°C 
Range Selection: Manual, Automatic, or Remote 10V range: +(0.008% of reading + 3 digits) 
100 & 1000V range: +(0.010% of reading + 3 digits) 
PERFORMANCE (HIGH RESOLUTION OFF) 1V range: +(0.009% of reading + 5 digits) 
Temperature Coefficient: (O°C to 50°C) 1 year; 23°C +5°C 
10V range: +(0.013% of reading + 3 digits) 
0.1V range: +(0.0003% of reading + 0.15 100 & 1000V range: +(0.015% of reading + 3 digits) 
digits)/°C 1V range: +(0.014% of reading + 6 digits) 
1V range: +(0.0003% of reading + 0.015 
digits)/°C 
10V range: +(0.00015% of reading + 0.01 
digits)/°C 
100 & 1000V range: +(0.0003% of reading + .01 INPUT CHARACTERISTICS 
digits)/°C 


Input Resistance: 


Accuracy: (1 digit = .001% of range) 
0.1V through 10V range: > 101° ohms 


24 hours; 23°C +1°C 100V and 1000V range: 10 megohm +0.1% 
10V range: +(0.002% of reading + 1 digit) (with Auto-Cal OFF) 
1V range: +(0.003% of reading + 1 digit) 
0.1V range: +(0.004% of reading + 4 digits) Maximum Input Voltage: 
100 & 1000V range: +(0.004% of reading + 1 digit) 


High to Low Input Terminals: + 100OV peak 


90 days; 23°C +5°C Guard to Chassis: +500V peak 
10V range: +(0.005% of reading + 1 digit) Guard to Low Terminal: +200V peak 
1V range: +(0.006% of reading + 1 digit) 
0.1V range: +(0.007% of reading + 4 digits) Normal Mode Rejection (NMR): NMR is the ratio of the peak normal- 
100 & 1000V range: +(0.007% of reading + 1 digit) mode voltage to the peak error voltage in the reading. 
6 months; 238°C 45°C 50 Hz operation: > 60 dB at 50 Hz + .01% 
10V range; +(0.008% of reading + 1 digit) 60 Hz operation: > 60 dB at 60 Hz + .01% 
1V range: +(0.009% of reading + 1 digit) 
0.1V range: +(0.010% of reading + 5 digits) 
100 & 1000V range: +(0.010% of reading + 1 digit) | 
1 year 23°C) +5°C 
10V range: +(0.013% of reading + 1 digit) 
1V range: +(0.014% of reading + 1 digit) 
0.1V range: +(0.015% of reading + 6 digits) Effective Common Mode Rejection (ECMR): ECMR is the ratio of the 
100 & 1000V range: +(0.015% of reading + 1 digit) peak common-mode voltage to the resultant peak error volt- 


age in the reading with 1 kQ unbalance in low lead. 
PERFORMANCE (HIGH RESOLUTION ON) 


hos AC Input: 
Temperature Coefficient: (O°C to 50°C) 

1V range: +(0.0003% of reading + 0.15 50 Hz operation: > 160 dB at 50 Hz + 0.1% 
digits(/°C 60 Hz operation: > 160 dB at 60 Hz + 0.1% 

10V range: +(0.00015% of reading + O.1 Input: 

digits(/°C Pe nae 

100 & 1000V range: +(0.0003% of reading + 0.1 > 140 dB 
digits(/°C 
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Model 3455A 


Maximum Reading Rate: 


60Hz Gate Length 


Table 1-1. Specifications (Cont'd). 


Section I 


50Hz Gate Length 


High High High High 
Resolution Resolution Resolution Resolution 
Off On Off On 
Local 5 readings/sec. 3 readings/sec. Local 3.5 readings/sec. | 2.5 readings/sec. 
Remote 24 readings/sec. 6 readings/sec. Remote 22 readings/sec. 5 readings/sec. 
OHMS 
0.1kQ range: +(0.006% of reading + 7 digits) 
High High High High 1kQ range: +(0.006% of reading + 2 digits) 
Resolution | Resolution Resolution Resolution 10k@ range: +(0.008% of reading + 3 digits) 
Off On 100kQ range: +(0.005% of reading + 4 digits) 
1000k2 range: +(0.015% of reading + 6 digits) 
-149999kQ 10,000kQ range: +(0.100% of reading + 6 digits) 


1.49999kQ 1 


14.9999k0 
149.999k0 
1499.99kQ 


-499999k 
14.99999k0 
149.9999k 
1499.999kQ 


14999.9k2 


14999.99k0 


PERFORMANCE (HIGH RESOLUTION ON) 


Range Selection: Manual, Automatic, or Remote Temperature Coefficient: (O°C to 50°C) 


Function Selection: 2 wire k ohms or 4 wire k ohms 1,10 and 100kQ range: +(0.0003% of reading + 0.2 


digits)/°C 
_ PERFORMANCE (HIGH RESOLUTION OFF) 1000k2 range: Fah of reading + 0.2 
igits)/ 
Temperature Coefficient: (O°C to 50°C) 10,000k2 range: +(0.004% of reading + 0.2 
digits)/°C 
0.1kQ range: (0.0003% of reading + 0.2 
digits)/°C Accuracy: 4 wire k ohms* (1 digit = .0001% of range) 
1,10 and 100k2 range: (0.0003% of reading + 0.02 
digits)/°C 24 hours; 23°C +1°C 
1000kQ range: (0.0005% of reading + 0.02 1kQ range: +(0.0025% of reading + 4 digits) 
digits)/°C 10kQ range: +(0.0045% of reading + 4 digits) 
10,000k range: (0.004% of reading + 0.02 100kQ range: +(0.0020% of reading + 5 digits) 
digits)/°C 1000k2 range: +(0.0120% of reading + 4 digits) 
10,000kQ2 range: +(0.1000% of reading + 4 digits) 
Accuracy: 4 wire k ohms* (1 digit = .001% of range) 90 days; 23°C +5°C 
24 hours; 23°C +1°C 1kQ range: +(0.0035% of reading + 5 digits) 
0.1kQ range: +(0.003% of reading + 4 digits) 10kQ range: +(0.0060% of reading + 5 digits) 
1kQ range: + (0.003% of reading + 1 digit) 100kQ range: +(0.0035% of reading + 6 digits) 
10k range: +(0.005% of reading + 2 digits) 1000kQ range: +(0.0135% of reading + 5 digits) 
100k2 range: +(0.002% of reading + 2 digits) 10,000k range: +(0.1000% of reading + 5 digits) 
1000kQ range: +(0.012% of reading + 5 digits) 6 ; ° 
é oe months; 23°C +5°C 
10,000kQ range: +(0.1% of reading + 5 digits) 1kQ range: +(0.0040% of reading + 6 digits) 
90 days; 23°C +5°C 10kQ range: +(0.0065% of reading +6 digits) 
0.1kQ range: +(0.005% of reading + 5 digits) 100k range: +(0.0040% of reading + 7 digits) 
1kQ range: +(0.005% of reading + 1 digit) 1000k2 range: +(0.0140% of reading + 6 digits) 
10kQ range: +(0.007% of reading + 2 digits) 10,000kQ range: +(0.1000% of reading + 6 digits) 
100kQ range: +(0.004% of reading + 2 digits) , 
: Ph 1 year; 23°C +5°C 
imme ihek alpaca hemes pe as 1kQ range: +(0.0045% of reading + 7 digits) 
10,000k2 range: +(0.100% of reading + 5 digits) 10kQ range: +(0.0070% of reading + 7 digits) 
6 months; 23°C +5°C 100kQ range: +(0.0045% of reading + 8 digits) 
0.1kQ range: +(0.005% of reading + 6 digits) 1000kQ range: +(0.0145% of reading + 7 digits) 
1kQ range: +(0.005% of reading + 1 digit) 10,000kQ range: +(0.1000% of reading + 7 digits) 
10kQ range: +(0.007% of reading + 2 digits) . . 
r 100kQ2 range: +(0.004% of reading + 3 digits) Accuracy: 2 wire k ohms 
1000kQ range: +(0.014% of reading + 5 digits) ape ee ; i 
10,000k@ range: +(0.100% of reading + 5 digits) All accuracy specifications are the same as 4 wire k ohms ex 


cept add 0.0004k? to all readings. 


Section I 


Table 1-1. Specifications (Cont'd). 


INPUT CHARACTERISTICS Maximum Reading Rate: 


IS 


Model 3455A 


60Hz Gate Length 


Maximum voltage generated across unknown: 


<5 volts for open circuit 
<4.7 volts for valid reading Off 


Signal Source Driving Unknown (Nominal): 


Hi 
07mA 

Bunnnown 

unknow VP Sons 
Hi Lo 

Nt 1K 
Runknown =~ 5 volts 
Lo 


Overload Protection: 


0.1kQ, 1kQ & 10kQ ranges 


100kQ 


Non-Destructive — +350V peak 


High High 
Resolution Resolution 
On 
Local 4.5 readings/sec. 2 readings/sec. 
Remote 12 readings/sec. 3 readings/sec. 
50Hz Gate Length 
High High 
Resolution Resolution 
Off On 
Local 4 readings/sec. 1.8 readings/sec. 
Remote 11 readings/sec. 2.5 readings/sec. 


AC VOLTAGE (RMS CONVERTER) 


Maximum Display 


High Resolution 
On or Off 


1.49999V 
14.9999V 
149.999V 
1000.00V 


Range Selection: Manual, Automatic, or Remote 
Function Selection: ACV or Fast ACV 


PERFORMANCE 
Temperature Coefficient: (O°C to 50°C) for inputs < 50kHz 


AC coupled, input >1% of full scale: +(0.002% of reading 
+ 2 digits)/°C 

AC coupled, input <1% of full scale: 
+ 6 digits)/°C 

AC/DC coupled: +(0.002% of reading + 6 digits)/°C 


+ (0.002% of reading 


Accuracy: +[% of reading + digits or (% of range)]' 
(AC Coupling)? 


20kHz-100kHz 
20kHz-100kHz 


FAST ACV4 
ACv4 


300Hz-20kHz 
30Hz-20kHz 
0.4% + 


24 hrs; 23°C+1°C 04% + 40 dig. 


(.04%) 


80 dig. 
(.08%) 


0.5% + 100 dig. 
(.10%) 


05% + 50 dig. 
(.05%) 


500kHz-1MHz3 
500kHz- 1MHz3 


250kHz-500kHz? 
250kHz-500kHz? 


100kHz-250kHz3 
100kHz-250kHz3 


5% + 2600 dig. 
(2.6%) 


4% + 400 dig. 
(.40%) 


1.8% + 200 dig. 
(.20%) 


6% + 3100 dig. 
(3.1%) 


2.0% + 250 dig. 
(.25%) 


5% + 500 dig. 
(50%) 


90 days; 23°C+5°C 


6 mos; 23°C+5°C 06% + 60 dig. 


(.06%) 


0.6% + 130 dig. 
(.13%) 

1 year; 23°C+5°C 07% + 70 dig. 
(.07%) 


0.7% + 160 dig. 
(.16%) 


1 Guard must be connected to low. 
Specifications are only for input levels above 1% of range 
For AC coupled inputs < 1% of full scale; add 20 digits to above accuracy table ex 
cept for AC coupled inputs above 50kHz and < 5% of full scale; add 170 digits to 
above accuracy table. See footnote 2 for AC/DC coupled inputs. 


2For any AC/DC coupled input add (0.05% of reading + 20 digits) to above accuracy 
table, except for an AC/DC coupled input above 50kHz and < 5% of full scale, add 
170 digits to above accuracy table 


2.1% + 300 dig. 
{.30%) 


5.1% + 600 dig. 
(.60%) 


6.3% + 3500 dig. 
(3.5%) 


2.2% + 350 dig. 
(.35%) 


5.3% + 700 dig. 
(.70%) 


6.6% + 3900 dig. 
(3.9%) 


3Frequencies of greater than 100kHz are specified for the 1V and 10V ranges only 
4 accuracy is not specified if the volt-hz product exceeds 107 


1500 + Vin 
For inputs >500V multiply the above tabled accuracy by 
1000 


For inputs > 500V, accuracy is specified for a time period of < 2 minutes 


Crest Factor: 7:1 at full scale 
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@ Table 1-1. Specifications (Cont'd). 


Maximum Reading Rate: 


60Hz Gate Length 


INPUT CHARACTERISTICS 


Input Impedance: FAST ACV 
Front Terminals— 2MQ + 1% shunted by less than 100pF. Local 1.3 readings/sec. 4.5 readings/sec. 
Rear Terminals— 2MQ + 1% shunted by less than 75pF. es 1 2 veadinuetscc. TS iesiconees: 

Maximum Input Voltage; 

High to Low Terminals: + 1414 volts peak (Subject to a 5OHz Gate Length 

ars fy et peak FAST ACV 

Guard te Cow Tetmiveh, 2 2U0N' paar Local 1.1 readings/sec. 3.5 readings/sec. 
Remote 1.1 readings/sec. 12 readings/sec. 


Response Time: 


ACV and FAST ACV 
First reading to <0.1% of step size when triggered coinci- 
dent with step change when on correct range. (For AC 
signals with no DC component.) 


AC VOLTAGE (AVERAGE CONVERTER OPT. 001) 


Ranges 


High Resolution 
On or Off 
1V 


Maximum Display 


High Resolution 
On or Off 


1.49999V 
14.9999V 
149.999V 
1000.00V 


Range Selection: Manual, Automatic, or Remote 
Function Selection: ACV or Fast ACV 
PERFORMANCE 


Temperature Coefficient: (O°C to 50°C) 
+(0.002% of reading + 2 digits)/°C 
Accuracy: +[% of reading + digits or (% of range)]' 


FAST ACV3 
ACv3 


300Hz-500Hz 
30Hz-50Hz 


500Hz-1kHz 
50Hz-100Hz 


1kHz-100kHz 
100Hz-100kHz2 


100kHz-250kHz? 
100kHz-250kHz2 


24 hrs; 23°C+1°C 0.47% + 70 dig. | 0.32% + 50dig. | 0.09% + 25dig. | 0.70% + 60 dig. 


(.07%) 

90 days; 23°C+5°C 0.50% + 70 dig. 
(.07%) 

6 mos; 23°C+5°C 0.50% + 70 dig. 
(.07%) 

1 year; 23°C+5°C 0.50% + 70 dig. 
(.07%) 


1Guard must be connected to low. 
On the 1000V range, add 0.01 ppm/volt-kHz. 
Specifications are for input levels above 1/10Oth of range. 


(.05%) 


0.35% + 50 dig. 
(.05%) 


0.40% + 60 dig. 
(.06%) 


0.40% + 70 dig. 
(.07%) 


(.025%) 


0.1% + 25 dig. 
(.025%) 


0.1% + 30 dig. 
(.03%) 


0.12% + 35 dig. 
(.035%) 


(.06%) 


0.75% + 60 dig. 
(.06%) 


0.75% + 70 dig. 
(.07%) 


0.75% + 80 dig. 
(.08%) 


2Frequencies greater than 100kHz specified on 1 and 10V ranges only. 


3 Accuracy is not specified if the volt-hertz product exceeds 107. 
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Model 3455A 


Table 1-1. Specifications (Cont'd). 


INPUT CHARACTERISTICS 


Input Impedance: 


Front Terminals— 2MQ + 1% shunted by less than 100pF. 
Rear Terminals— 2MQ + 1% shunted by less than 75pF. 


Maximum Input Voltage: 


High to Low Terminals: + 1414 volts peak (Subject to a 
107 volt - Hz limitation) 

Guard to Chassis: +500V peak 

Guard to Low Terminal: + 200V peak 


Maximum Reading Rate: 


60Hz Gate Length 


| tv | astacy 


4.5 readings/sec. 


Local 1.3 readings/sec. 


Remote 1.3 readings/sec. 13 readings/sec. 


50Hz Gate Length 


FAST ACV , 


Local 1.1 readings/sec. 3.5 readings/sec. 


Remote 1.1 readings/sec. 12 readings/sec. 


Response Time: 


ACV and FAST ACV 
First reading to <0.1% of step size when triggered coinci- 
dent with step change when on correct range (for AC 
signals with no DC component). 


MATH 


sole te 


X is present reading. Y and Z are previously entered readings, 
numbers entered from the front panel or values entered by 
external program. 


Maximum Number: (Entered or Displayed) 


+ 1'99;9939...9 


ACCURACY: 


+(ACCURACY OF X READING +1 DIGIT OF DISPLAYED 
ANSWER)! 


IThis assumes no ''Y"' or ‘’Z’' error. 


% Error: x) x 100% 


X is present reading. Y is previously entered reading, or 
number entered from the front panel or by external program. 


Maximum Number: (Entered or Displayed) 


+ 199,999.9 


ACCURACY: 


+(ACCURACY OF X READING + 1 DIGIT OF DISPLAYED 
ANSWER)! 


1This assumes no ‘'Y’' error. 


od 
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® Table 1-2. Typical Operating Characteristics. 
Range Selection: Manual, Automatic, or Remote EFFECTIVE COMMON MODE REJECTION (50 Hz OPERATION) 
180 Fe 1 
Function Selection: 
DC Volts Le 
AC Volts (ACV or FAST ACV) 
OHMS (2 wire kilohm or 4 wire kilohm) reo 
TEST 
a 150 
NORMAL MODE REJECTION (50 Hz OPERATION) = 
" TTrim | Tl 3 ae ; 
| 1 Wa iA) | oO 
60 + mv al rTTH + 2 130 +— 4 
aT me A tH 
a | | | \ I\/hN\ 
= a + re 110 + ii $4 VV + 
2 III 1 |] | | 
2 30 1 ttt I Lith | L 
= \ 1 10 100 
il | \ FREQUENCY (H?) 


10 + 6 DIGIT 
OPERATION 


Pitts pert 


z ‘ 
| 
atu - HH 
JA 
ee HS | 
| 


EFFECTIVE COMMON MODE REJECTION (60 Hz OPERATION) 


a ae z Lyi) Joi ji) ee : 

10 100 ay T ] | | il IT] 

FREQUENCY (He | | | | | i | 
170 1 Ua Feat va TIT | +H oH We 

NORMAL MODE REJECTION (60 Hz OPERATION) | \4 | 

? pose or T ryt + — : | | {I 1 

: | | | ] |] ] | T | ] ] 160 + pee . Ht +t + 

1] | | 


60 +— 


190: 4—_}_ | ptt 


aa eis st tet LL t 


| r OPERATION 
130 + L > —s 


REJECTION (dB) 
S 


REJECTH 


| | ig | | \, 
120 + +4 eee iT it H | 
. ~~ AVA! VW 


4) 5 DIGIT \ 
OPERATION | |\ | 
1 | \ 

| 
| 
| 


| 


10 100 FREQUENCY (He 


nf T 
Normal Mode Rejection = 20 log 


sin f T Typical HP-IB Handshake Times: 


Accept Data — (3455A addressed to listen or ATN true) 
500 usec per character typical (@ delay source) 


1 


Effective Noise Bandwidth = oT 


T = 1/60 sec for 5 digit 60 Hz Operation 

T = 2/15 sec for 6 digit 60 Hz Operation 

T = 1/50 sec for 5 digit 50 Hz Operation 

T = 4/25 sec for 6 digit 50 Hz Operation 
COMMON MODE REJECTION (1 KILOHM IMBALANCE) 


Output Data — (3455A addressed to talk) 
250 usec per charcter typical (@ delay acceptor) 


General (Auto Cal must be on for 75 seconds to meet all 
specifications) 


Overload Indication: OL 


| | ||| ia Operating Temperature: O°C to 50°C 
ces ee a 0 a Warmup Time: One hour to meet all specifications 
cau Humidity Range: <95% R.H., O°C to 40°C 
ro + Stott tt ott tH Storage Temperature: —40°C to + 75°C 
: N Power: 100/120/240 V +5%, —10% 48 Hz to 400 Hz line 
= op Pope pete operation < 60 VA 
= h 220 V + 10% 48 Hz to 400 Hz line operation 
2 110 + se ew Bu sla tod < 60 VA 
& N Dimensions: 88.9 mm high x 425.5 mm wide x 527.1 mm 
Us mesa aa Ge | ee al ai man deep (3 1/2’ high x 16 3/4"’ wide x 20 3/4" 
] deep) 
90 +—++ nr + Ti + mai i Weights: Net — 9 kg (21 Ibs.) 


r a TIS SISEI TT Shipping — 12 kg (26 Ibs.) 
1 10 100 
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DC Voltage Standard 


AC Calibrator 


Test Oscillator 


Resistance Decade 


DC Null Voltmeter 


Reference Divider 


DC Transfer Standard 


Electronic Counter 


Resistance Standard 


Bus System Analyzer 


Calculator 


Oscilloscope 


Digital Voltmeter 


Resistors 


Signature Analyzer 


P = Performance Checks 
A = Adjustments 


Model 3455A 


Table 1-3. Recommended Test Equipment. 


| tarewte | Critical Specification 


Voltage: 10 mV to 1000 V 
Accuracy: + .005% 


Frequency: 20 Hz to 100 kHz 
Output Level: 100 mV to 1000 V 
Accuracy: + .1% 

Voltage Stability (6 mos.) + .02% 


Frequency: to 250 kHz 
Output: 3 V rms into 502 
Frequency Response + .25% 


Resistance: 100 2 to 10 MQ 
Accuracy: + .004% 


Voltage Range: 1 nV to10 V 


Division Ratio Accuracy + .001% 
Output Voltage Range —- 1 V to 1 kV 


Output Voltages: 1 V, 1.018 V, 
1.019 V, 10 V 

Accuracy: + 5 ppm 

Stability: + .001% (30 days) 


50 Hz to 60 Hz 


Resistance: 1 kQ 
Accuracy: + .0005% 
Resistance: 100 K 
Accuracy: + .002% 


HP-IB Control Capability 


HP-IB Control Capability must serve 
as printer for 3455A Output data. 


Bandwidth: DC to 10 MHz 
Sweep Time: 0.1 us to 1 sec/div 
Sensitivity: 1 V/div 


Voltage Range: 10 mV to 1000 V 
Resolution: 10 nV 


Resistances: 
1kQ + 10% 
10kQ + 0.1% 

1 MQ + 0.1% 


T = Troubleshooting 
O = Operators Check 


Recommeided Model 


Systron Donner PAT 
Model M107 
-hp- Model 745A PAT 


AC Calibrator 
-hp- Model 746A 
High Voltage Amplifier 


-hp- Model 652A P 
Test Oscillator 


Gen Rad Model PAT 
GR 1433-Z Decade 

Resistor 

-hp- Model 419A | PAT 
Fluke Model 750A PA 
Reference Divider 

Fluke Model 731A PA 


DC Transfer Standard 


-hp- Model 5300A/5302A P 
Measuring System 


Guildline Model A 
9330/1 K or 9330A/1 K 
Guildline Model 9330/100K 


-hp- Model 59401A ai 
Bus System Analyzer 


-hp- Model 9825A OT 
-hp- Model 180C/D Oscillo- | T 


scope with 1801A_ and 
1821A plug-in units. 


-hp- Model 3490A PAT 
-hp- Part No. P 
0684-1021 

0698-4157 

0698-6369 

-hp- Model 5004A Tt 


SECTION Il 
INSTALLATION 


2-1. INTRODUCTION. 


2-2. This section contains information and instructions 
necessary to install and interface the Model 3455A 
Digital Voltmeter. Also included are initial inspection 
procedures, power and grounding requirements, en- 
vironmental information, and repackaging instructions. 


2-3. INITIAL INSPECTION. 


2-4. This instrument was carefully inspected both 
mechanically and electrically before shipment. It should 
be free of mars and scratches and in perfect electrical 
order. The instrument should be inspected upon receipt 
for damage that might have occurred in transit. If the 
shipping container or cushioning material is damaged, it 
should be kept until the contents of the shipment have 
been checked for completeness and the instrument has 
been mechanically and electrically checked. Procedures 
for testing electrical performance of the 3455A are given 
in Section IV. If the contents are incomplete, if there is 
mechanical damage or defect, or if the multimeter does 
not pass the Performance Tests, notify the nearest 
Hewlett-Packard Office. (A list of the -hp- Sales and 
Service Offices is presented at the back of the manual.) 
If the shipping container is damaged, or the cushioning 
material shows signs of stress, notify the carrier as well 
as the Hewlett-Packard Office. Save the shipping 
materials for the carrier’s inspection. 


2-5. PREPARATION FOR USE. 
2-6. Power Requirements. 


2-7. The Model 3455A requires a power source of 100, 
120, 220, or 240 V ac (+5% - 10%), 48 Hz to 400 Hz 
single phase. Maximum power consumption is 60 VA. 


2-8. Line Voltage Selection. 


2-9. Before connecting ac power to the 3455A, make 
sure the rear panel line selector switches are set to cor- 
respond to the voltage of the available power line as 
shown in Figure 2-1. Also, be sure the proper fuse is in- 
stalled. The multimeter is shipped with the line voltage 
and fuse selected for 120 V ac operation. 


Be sure the 50 — 60 Hz rear panel switch is 
set for the proper line frequency for your 
location. 


ene 
cree 


NOMINAL 
VOLTAGE 


OPERATING RANGE 
— 10%, +5% of nominal 


100 volts 
120 volts 
220 volts 
240 volts 


90 to 105 volts 
108 to 126 volts 
198 to 231 volts 
216 to 252 volts 


Figure 2-1. Line Voltage Selection. 
2-10. Power Cable. 


2-11. Figure 2-2 illustrates the standard configurations 
used for -hp- power cables. The -hp- part number 
directly below each drawing is the part number for a 
power cable equipped with a connector of that con- 
figuration. If the appropriate power cable is not in- 
cluded with the instrument, notify the nearest -hp- Sales 
and Service Office and the proper cable will be pro- 
vided. 


2-12. Grounding Requirements. 


2-13. To protect operating personnel, the National 
Electrical Manufacturer’s Association (NEMA) recom- 
mends that the instrument panel and cabinet be 
grounded. The Model 3455A is equipped with a three 
conductor power cable which, when plugged into an ap- 
propriate receptacle, grounds the instrument. 


2-14. Bench Use. 


2-15. The Model 3455A is shipped with plastic feet and 
tilt stands installed and is ready for use as a bench in- 
strument. The plastic feet are shaped to permit ‘‘stack- 
ing’? with other full-module Hewlett-Packard in- 
struments. The tilt stands permit the operator to elevate 
the front panel for operating and viewing convenience. 


2-16. Rack Mounting. 


2-17. The Model 3455A may be rack mounted by add- 
ing rack mounting kit Option 908 or Option 909. Option 
908 contains the basic hardware and instructions for 
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250V 
OPERATION 


250 V 
OPERATION 


PLUG*: CEE22-V1 
CABLE*: HP 8120-1860 


PLUG*: CEE7-V11 
CABLE*: HP 8120-1692 


250 V 
OPERATION 


125 V-6A** 


PLUG*: NZSS 198/AS C112 
CABLE*: HP 8120-0696 


PLUG*: NEMA 1-15P 
CABLE*: HP 8120-0684 


PLUG*: BS 1363A 
CABLE*: HP 8120-1703 


Model 3455A 


250 V 
OPERATION 


250 V 
OPERATION 


a. 


NESS 


PLUG*: SEV 1011.1959-24507 
TYPE: 12 
CABLE*: HP 8120-2104 


PLUG*: DHCR 107 
CABLE*: HP 8120-2956 


250 V 250 V-6A** 125 V-6A** 


OPERATION 


> 
Se 


PLUG*: NEMA G-15P 
CABLE*: HP 8120-0698 


PLUG*: NEMA 5-15P. 
CABLE*: HP 8120-1521 


STD B19 5:\BeN.) *The number shown for the plug is the industry identifier for the plug only. 


The number shown for the cable is an HP part number for a complete cable including the plug. 
**UL listed for use in the United States of America 


Figure 2-2. Power Cord Configurations. 


rack mounting; Option 909 adds front handles to the 
basic rack mount kit. The rack mount kits are designed 
to permit the Multimeter to be installed in a standard 19 
inch rack. When rack mounting, additional support 
must be provided at the rear of the instrument. Be sure 
that the air intake at the rear of the instrument is 
unobstructed. 


2-18. Interface Connections. 


2-19. The Model 3455A is compatible with the Hewlett- 
Packard Interface Bus (HP-IB). 


NOTE 


HP-IB is Hewlett-Packard’s implementation 
of IEEE std 488-1975, ‘‘Standard Digital In- 
terface for Programmable Instru- 
mentation’’. 


The Multimeter is connected to the HP-IB by connect- 
ing an HP-IB interface cable to the 24-pin connector 
located on the rear panel. Figure 2-3 illustrates typical 
HP-IB_ system interconnections and shows the 
10631A/B/C HP-iB Interface Cable connectors. Each 
end of the cable has both a male and female connector 
to simplify interconnections of instruments and cables. 
As many as 15 instruments can be connected by the 
same interface bus; however, the maximum length of 
cable that can be used to connect a group of instruments 


2-2 


must not exceed 2 meters (6.5 ft.) times the number of 
instruments to be connected, or 20 meters (65.6 ft.), 
whichever is less. 


2-20. Address Selection. The HP-IB address switch, 
located on the rear panel, permits the user to set the 
“‘talk’’ and “‘listen’’ address of the instrument. The talk 
and listen address is a 7-bit code which is selected to pro- 
vide a unique address for each bus instrument. The 
3455A normally leaves the factory with the address 
switch set to a ‘‘Listen’’ address of 6 and a ‘‘talk’’ ad- 
dress of V. The address switch also allows selection of a 
“‘talk-only’’ mode. Refer to Paragraph 3-42 for address 
selection instructions. 


2-21. External Trigger. A BNC connector, located on 
the rear panel, is provided for an external trigger input. 
The trigger input is to be driven with TTL level signals. 


2-22. ENVIRONMENTAL REQUIREMENTS. 


To prevent electrical shock or fire hazard, do 
not expose the instrument to rain or 
moisture. 
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Figure 2-3. Typical HP-IB System Interconnections. 


2-23. Operating and Storage Temperature. 


2-24. In order to meet the specifications listed in Table 
1-1, the instrument should be operated within an am- 
bient temperature range of 23°C +5°C (73°F +9°F). 
The instrument may be operated within an ambient 
temperature range of O°C to +55°C (+32°F to 
+131°F) with degraded accuracy. 


2-25. The instrument may be stored or shipped where 
the ambient temperature range is within —40°C to 
+ 75°C (—40°F to + 167°F). However, the instrument 
should not be stored or shipped where temperature fluc- 
tuations cause condensation within the instrument. 


2-26. Humidity. 


2-27. The instrument may be operated in environments 
with relative humidity of up to 95%. However, the in- 
strument must be protected from temperature extremes 
which cause condensation within the instrument. 


2-28. Altitude. 


2-29. The instrument may be operated at altitudes up to 
4572 meters (15,000 feet). 


2-30. REPACKAGING FOR SHIPMENT. 
NOTE 


If the instrument is to be shipped to Hewlett- 
Packard for service or repair, attach a tag to 
the instrument identifying the owner and in- 
dicating the service or repair to be ac- 
complished. Include the model number and 
full serial number of the instrument. In any 
correspondence, identify the instrument by 
model number and full serial number. If you 
have any questions, contact your nearest 
-hp- Sales and Service Office. 


2-31. The following is a general guide for repackaging 
the instrument for shipment. If the original container is 
available, place the instrument in the container with ap- 
propriate packing material and seal well with strong 
tape or metal bands. If the original container is not 
available, proceed as follows: 


a. Wrap instrument in heavy paper or plastic before 
placing in an inner container. 


b. Place packing material around all sides of instru- 
ment and protect panel face with cardboard strips or 
plastic foam. 


c. Place instrument and inner container in a heavy 
carton and seal with strong tape or metal bands. 


d. Mark shipping container ‘‘DELICATE INSTRU- 
MENT”’, ““FRAGILE”’, etc. 
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FRONT PANEL 


Line Switch, push on/push off 


HP-I3* status indicators: 
SRQ - indicates that the 3455A ‘‘requires service’ from 


the controller. Refer to Paragraph 3-78. 

LISTEN — lights when the 3455A is addressed to 
“listen”. 

TALK — lights when the 3455A is addressed to “‘talk’’. 
REMOTE — lights when the 3455A is under HP-IB 
control. 


LOCAL switch — permits the operator to return the 
instrument to local (front panel) control. 


Display — Indicates polarity and amplitude of the 
measurement. Measurement results are presented in either 
5-1/2 digits or 6-1/2 digits depending upon whether the 
HIGH RESOLUTION feature is off or on. An LED in the 
upper left corner of the display indicates sample rate of 
the 3455A. Five LED’s, located to the right of the dis- 
play, indicate whether the display is presenting DC Volt- 
age, AC Voltage, Ohms, Scale or % error measurement 
results. 


Range Selection Keys — permit selection of ranges as 
follows: 

DC Volts: .1 V,1V,10 V, 100 V,1 kV, AUTO 

AC Volts: 1 V, 10 V, 100 V, 1 kV, AUTO 

Ohms: .1 K, 1 K, 10 K, 100 K, 1,000 K, 10,000 K, AUTO 
LED’s located in the center of the keys indicate which 
range is selected. 


Function Selection Keys — DC Volts, AC Volts, FAST 
AC Volts, 2 WIRE k&®, 4 WIRE kQ, and TEST. LED's 
located in the center of the keys indicate which function 
is selected. 


Auto Cal switch - allows the Auto-Cal feature to be turn- 
ed on or off. LED in center of Key indicates Auto-Cal on. 
Refer to Paragraph 3-29. 


© 


©® © 


© 


2miRE 
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Data Ready Request Indicator - lights when the Data 
Ready Request feature is programmed on. Refer to 
Paragraph 3-65. 


High Resolution switch — switches display from 5-1/2 
digit presentation to 6-1/2 digit presentation. An LED 
located in the center of the key indicates High Resolu- 
tion on when lit. 


Trigger Selection Keys — permits selection of INTER- 
NAL, EXTERNAL, or HOLD/MANUAL trigger. Each 
key has an LED which lights to indicate the trigger source 
selected. 


Sample Rate Controls — permit selection of maximum 
sample rate or the present sample rate divided by 2. The 
maximum sample rate may be divided by 2 up to 6 times 
for a minimum sample rate of: maximum sample rate 


64 


Binary Program Indicator - indicates when the 3455A is 
operating in the Binary Program mode. Refer to 
Paragraph 3-66. 


Math Controls — Select SCALE (~— 


(x= 
Y 


is indicated by an LED located in the key (Paragraph 
3-19). 


) , % ERROR 


x 100), or MATH OFF. The Math feature selected 


ENTER controls - Recall the number stored in the Y or Z 
register to the display, also ‘‘shifts’’ the front panel 
keyboard to permit entry of new data to be stored in the 
Y or Z registers (Paragraph 3-23). 


STORE Controls - The Store controls transfer the 
number presently being displayed into the Y or Z register 
(Paragraph 3-23). 


Rear Terminal Indicator - indicates when the rear input 
terminals have been selected. 


Figure 3-1, Front and Rear Panel Features. 
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SECTION Ill 


OPERATING 


3-1. INTRODUCTION. 


3-2. This section contains information and instructions 
necessary for operation of the Model 3455A Digital 
Voltmeter. Included is a description of operation 
characteristics, a description of the operating controls 
and indicators, and functional checks to be performed 
by the operator. 


3-3. OPERATING CHARACTERISTICS. 
3-4. Turn-On and Warm-Up. 


3-5. Before connecting ac power to the 3455A, make 
certain the rear panel line selector switches are set to 
correspond to the voltage and frequency of the available 
power line and that the proper fuse is installed for the 
voltage selected. For rated measurement accuracy, the 
3455A should be allowed to warm up for at least one 
hour. 


3-6. Self Test Operation. 


3-7. The internal test function of the 3455A verifies the 
operation of the dc analog circuitry, inguard and 
outguard logic circuitry, and the front panel indicators 
and display. The primary test of the dc analog circuitry 
is the measurement of various Auto-Cal constants. A 
logic check is also performed, when all the cal constant 
measurements are taken. The logic check consists of a 
dummy cal constant calculation made in the outguard 


Ohms Signal Terminals - supplies drive signal for 
4-WIRE Ohms measurements (Paragraph 3-12). 


Input Terminals 


GUARD switch - internally connects the Guard terminal 
to the LO Input terminal (for front panel operation only, 
Paragraph 3-41). 


GUARD Terminal 


REAR PANEL 


Ohms Signal Terminals 
Input Terminals 
Guard Terminals 


Front/Rear INPUT SELECT switch 


HP-IB* Connector - see Paragraph 2-18 and 3-48. 


®@O2®2QOe® ® ©O8O 


AC or AC/DC Input Selection switch - refer to Paragraph 
3-14. 


© © ©®© ©@® © 


INSTRUCTIONS 


logic of the instrument. When all these measurements 
and calculations are completed, the 3455A will display 
+ .8.8.8.8.8.8.8. and the self-test operation will start 
again. In order to bring the instrument out of this mode, 
any other function button must be pressed. 


3-8. In the event of a cal constant failure, the Self-Test 
operation will stop and the failing cal constant’s number 
will be displayed (an integer number from 13 to 0). If 
the dummy calculation fails, a non integer number is 
displayed (e.g., 9.998 or 10.002 etc.). 


3-9. The Self-Test function can be remotely programm- 
ed, as described in the programming portion of this sec- 
tion. The 3455A will output a 10 upon a successful com- 
pletion of the test and if addressed to ‘‘talk.’’ If the 
dummy calculation fails, the answer of the dummy 
calculation will be the output (9.998 or 10.002 etc.). If 
any auto-cal constants fail, the 3455A will not output 
any readings, (times out). 


NOTE 


The self test feature does not test operation 
of the ohms or ac sections nor the measure- 
ment accuracy of the 3455A. 


3-10. DC Voltage Measurement. 


3-11. The Model 3455A measures dc voltage from 1 
microvolt to 1000 volts in five ranges extending from .1 


Line Frequency Selection Switch — must be set to corres- 
pond to the power line frequency (50 Hz or 60 Hz). 
Reference Module 

EXTERNAL TRIGGER Input Connector 


HP-IB* Address Selection Switch - refer to Paragraph 
3-53. 


Cooling Fan 


Power Line Voltage Selection Switches — refer to Para- 
graph 2-8. 


Fuse — 90 V to 126 V — 0.5 amp, 198 V to 252 V — 
0.25 amp. 


AC Power Connector. 
*HP-IB is Hewlett-Packard’s implementation of IEEE Std. 


488-1975, ‘‘Standard Digital Interface for Programmable 
Instrumentation”. 


Figure 3-1. Front and Rear Panel Features (Cont'd). 
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4-WIRE MEASUREMENT 


QSIGNAL 
(4 WIRE) ( 


GUARD 


Model 3455A 


2-WIRE MEASUREMENT 


QSIGNAL 
(4 WIRE) 


INPUT 
(2 WIRE) 


GUARD 


Rx 


SIGNAL 


CURRENT 


3455—B - 4667 


Figure 3-2. Ohmmeter Measurement Connections. 


volt full-scale to 1000 volts full-scale. Measurement 
results are presented in 5-1/2 digits during normal 
operation or in 6-1/2 digits when the 3455A is set to the 
High Resolution mode. All ranges except the 1000 volt 
range have 50% overrange capability and are overload 
protected from input voltages up to + 1000 volts. Input 
resistance in the dc function is greater than 10!9 ohms 
on the .1 V, 1 V, and 10 V ranges and equal to 10 
megohms on the 100 V and 1000 V ranges. Refer to 
Table 1-1 for DC Accuracy specifications. 


3-12. Resistance Measurement. 


3-13. The Model 3455A measures resistance from 1 
milliohm to 15 megohms in six ranges extending from .1 
kilohms ful scale to 10,000 kilohms full scale. Measure- 
ment results are presented in 5-1/2 digits during normal 
operation or in 6-1/2 digits when the 3455A is set to the 
High Resolution mode. The only exception is that the .1 
V range can only take a measurement in the 5-1/2 digit 
mode. Resistance may be measured in ‘‘4-WIRE”’ con- 
figuration for optimum accuracy or ‘‘2-WIRE”’ con- 
figuration may be selected for measurement conve- 
nience. Figure 3-2 shows proper connections for making 
resistance measurements. The nominal output signal 
current on the .1 kilohm, | kilohm and 10 kilohm ranges 
is .7 mA. The nominal output current on the 1000 
kilohm and 10,000 kilohm ranges is .7 microamp. Max- 
imum output voltage is limited to less than 5 volts on all 
ranges. Refer to Table 1-1 for ohm accuracy specifica- 
tions. 


3-14. AC Voltage Measurement. 


3-15. The -hp- Model 3455A offers a choise of true 
RMS (standard unit) or average responding ac conver- 
tors (Option 001). Both methods measure ac voltages 
from 10 microvolts to 1000 volts in four ranges exten- 
ding from 1 volt to 1000 volts ranges. All ranges, except 
the 1000 volts range, have 50% overrange capability and 
are protected from input voltage components up to 1000 
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volts RMS. Readings taken in the ac function are 
display in the 5-1/2 digit mode only. Input impedance 
of both convertors is 2 megohms in parallel with 
< 75 pF for rear terminal input and < 90 pF for front 
terminal input. In addition to the normal ac volts func- 
tion, the 3455A also has a fast ac volts function. The 
fast ac function has a faster ac reading rate than the nor- 
mal ac function. 


3-16. The frequency response of the true RMS conver- 
tor is from 30 Hz to 1 MHz in the normal ac volts func- 
tion and from 300 Hz to 1 MHz in the fast ac volts func- 
tion. Both ac signals or ac plus dc signals (ac signals 
superimposed on a dc level) can be measured by the true 
RMS convertor. Selection of the ac or ac + dc inputs 
are chosen by a switch located behind the rear panels 
reference cover. Refer to Table 1-1 for accuracy 
specifications of each ac mode. 


3-17. The frequency response of the average converter 
is from 30 Hz to 250 Hz in the normal ac volts function 
and from 300 Hz to 250 kHz in the fast ac volts func- 
tion. Only ac signals (no dc component) can be 
measured by the average converter. Refer to Table 1-1 
for accuracy specification of each ac mode. 


3-18. In order to get accurate ac readings (especially 
with high voltage inputs at high frequencies), the low in- 
put terminal (front and rear) should be connected to the 
guard terminal (front and rear). Refer to paragraph 3-39 
for guarding information. 


NOTE 


The front panel guard pushbutton applies 
only for front panel inputs. Be sure to wire 
rear panel guard connections yourself, if us- 
ing the rear panel input terminals. 
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3-19. Math Feature. 


3-20. The math feature of th 3455A allows the measure- 
ment value to be offset and/or scaled by known values 
or to be expressed in percent of a reference value. 


3-21. Scale Mode. The scale mode of the math feature is 
described by the formula: result = X-Z where x is the 


y 
measurement value, z is the offset value, and y is the 
scale factor. This mode allows the measurement value to 
be modified by the addition, subtraction, multiplication 
or division of a known value. Addition and subtraction 
are performed by entering the number to be added or 
subtracted in ‘‘z’’ and entering 1 in ‘‘y’’. The scale for- 
mula then becomes: result = X - (+ 2) = x - (+ 2). 
1 
Division is performed by entering @ in ‘‘z’’ and the 
divisor value in ‘‘y.’’ The scale formula then 
becomes: result = X- 9 = _X. Multiplication is perform- 


y 
performed by dividing the measurement value by the in- 
verse of the multiplier value; that is, multiplication is 
performed by dividing by a fraction. The scale formula 
becomes: result = X - = xy. As an example: to 
l/y 
multiply by 10, divide by the inverse of 10 which is 1/10 
or .1. Various examples using the scale mode are as 
follows: 


a. Current Measurement: Accurate current 
measurements can be made by using a low value resistor 
shunting the 3455A’s input terminals. The value of the 
resistor is then entered in the ‘‘y’’ register (see 
Paragraph 3-22), and zero is entered in the ‘‘z’’ register 
With the resistor connected at the input terminal and the 
instrument set in the voltage mode, current 
measurements can now be made. You can do this by 
connecting the input across the resistor and measuring 
the voltage drop across the resistor. This voltage drop,is 
proportional to the current through the resistor. By 
switching the 3455A to the scale mode, the reading 
becomes an accurate current reading in milliamps. Since 
the resistor value is in kilo ohms (R) and stored in ‘‘y’’, 
and since zero is stored in ‘‘z’’, the scale equation 
becomes: 


V ‘ ee 
= ae current in milliamps 


where R = Resistor across the input terminals 
V = Voltage drop across the resistor 


b. Temperature Measurement: A temperature mea- 
surement can be made by using a line or resistive 
temperature sensor. 


Assume that the sensor has a resistance of 1 kilohm at 
25°C and changes 5900 ppm/°C. At @°C the sensor 
would have a resistance of 852.5 ohm (1 kilohm - [5.9 
ohms] 25). This number is divided by 1000 since the 
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3455A measurement results are expressed in kilohm and 
is entered in the ‘‘z’’ register to remove the offset at 
0°C. The measurement result of the 3455A is scaled to 
read directly in degrees centigrade by solving the equa- 
tion for the value of ‘‘y’’. This is done where the results 
of the equation are equal to 25°C since the sensor 
resistance is specified at that temperature. The scale 
equation becomes: 


96 = EXZ 1K—.8525K _ .1475K 
— yy y ~ y 


solving for y:y = 1475 K = .0059 with this number 
25 


entered in the ‘‘y’’ register, the 3455A measurement 
result will be presented directly in °C. 


c. Accurate 2 Wire Ohm Measurement: When trying 
to make an accurate 2 wire ohm measurement, the input 
lead resistance and the internal resistance of the 3455A 
should be subtracted out from the reading. This is done 
by setting the instrument to the desired range and short 
the input leads at the measuring point. Store a 1 in ‘‘y’’ 
and store the input lead resistance reading in ‘‘z’’. Open 
the input leads and connect the unknown resistor to the 
leads. With the 3455A set in the Scale mode, the value 
of the unknown resistor is displayed without the input 
lead resistance. Since a 1 is stored in ‘‘y’’ and the lead 
resistance (R) is stored in ‘‘z’’, the scale equation 
becomes: 


= | = unknown resistance in ohms 


where x = total measured resistance including R 
R = lead resistance 


d. Limit Testing: The Scale mode of the 3455A can 
also be used to do Limit Testing. This can be ac- 
complished since the largest number which can be 
displayed is +200,000 and the smallest number is 
-200.00. If the magnitude of the display exceeds 
200,000, either a ‘‘+ LL’’ or a ‘‘-LL’’ is displayed. 
Therefore, the ‘‘y’’ and ‘‘z’’ constants must be chosen 
so that when ‘‘x’’ (the reading) is equal to the upper 
limit, the display is + 200,000 and when ‘‘x’’ is equal to 
the lower limit, the display is -200,000. This can be ac- 
complished as follows: 


When x = the Lower Limit, the DISPLAY should = 
-200,000 


When x = the Upper Limit, the DISPLAY should = 
+ 200,000 
therefore, -200,000 = Lower Limit - z 
y 
and + 200,000 = Upper Limit - z 
y 
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This leaves two equations to solve for the unknown ‘‘y’’ 
and ‘‘z’’ constants. The two constants can be found the 
following way: 


-200,000 (y) _ Lower Limit - z 
+ 200,000 (y) = Upper Limit - z 
0 = Lower Limit + Upper Limit -2Z 
(add these two equations) 


Upper Limit + Lower Limit 
2 
Upper Limit - z 
y 


therefore, z = 
200,000 


200,000 (y) = 


Upper Limit - Upper Limit + Lower Limit 


2 
Upper Limit - Lower Limit 
2 
Upper Limit - Lower Limit 
400,000 


and, y 


The following is an example of how to use this math 
technique. In this example a DC voltage is measured 
and compared with a Lower Limit of 10 volts and an 
Upper Limit of 30 volts: 


om Upper Limit - Lower 30-10 _ gooos 
400,000 400,000 
z - Upper Limit + Lower Limit _ 30 + 10 = 29 
2 ps 


By entering .0000S into the ‘‘y’’ register and 20 into the 
‘*7”” register, and then pushing the SCALE and DCV 
buttons, the 3455A becomes a limit testing DVM. If the 
input exceeds 30 volts a ‘‘ + LL”’ is displayed, and if the 
input is less than 10 volts a ‘‘-LL”’ is displayed. If the in- 
put is within the limits set, a number is displayed. 


3-22. % Error Mode. The % error mode of the math 
feature is described by the formula: 


result in: % = *-Y * 100 


y 


where ‘‘x’’ is the present measurement value and ‘‘y’’ is 
the reference value. An application of this feature might 
be an inspection test of resistors. This nominal resistor 
value would be entered in the ‘‘y’’ register in kilohm 
(3455A) resistance measurements are presented in 
kilohm). As an example, assume the test is made on a 
group of 750 ohm resistors with a tolerance of 5%. The 
nominal resistor value (750 ohms) is entered in the ‘‘y”’ 
register as .750. The % error equation becomes: result 
in % = xX-.750 x 100. A_ resistor with 
.750 
an actual value of 790 ohms would give a measurement 
result of: % error = .790-750 x 100 = 5.33333%, 
750 


indicating the resistor is out of tolerance by .33333%. 
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3-23. Enter and Store. 


3-24. The ‘‘Y’”’ and ‘‘Z’’ ENTER keys have two func- 
tions. When one of the enter keys is pressed, the number 
presently stored in the respective memory register is 
displayed on the front panel readout. This allows the 
operator to check the contents of the ‘‘Y’’ or ‘‘Z”’ 
memory registers. Pressing the enter key also ‘‘shifts’’ 
the front panel keyboard, disabling all keys except those 
labeled in blue. These keys can now be used to enter the 
desired values to be stored in the ‘‘Y”’ or ‘‘Z’’? memory 
registers. As the value is entered it is displayed on the 
front panel readout. Numerical values from .000000 to 
+ or - 199,999.9 may be entered in either the Y or Z 
registers. 


3-25. The STORE keys are used to transfer the number 
presently being displayed in the ‘‘Y’’ or ‘‘Z’’ memory 
registers and to return the voltmeter to normal opera- 
tion. 


3-26. The following describes how the ENTER and 
STORE features may be used: 


a. To view the value presently in memory, press the 
ENTER key of the appropriate register (ENTER Y or 
ENTER Z). To return this number to memory, press the 
STORE key of the appropriate register. 


b. To enter a new number, press the ENTER key of 
the register to receive the number. Enter the desired 
number into the display by pressing the keys labeled in 
blue. Store the number entered by pressing the STORE 
key of the appropriate register. 

c. To enter a measurement value presently being 
displayed, press the STORE key of the desired register 
CY ‘or :Z); 


NOTE 


The operation of the ENTER and STORE 
keys are not mutually exclusive. That is, the 
number being displayed may be stored in 
either the Y or Z register independently of 
the register selected by the ENTER keys. 


3-27. High Resolution Mode. 


3-28. When the 345SA is used in the HIGH RESOLU- 
TION mode, the instrument changes from a 5-1/2 digit 
measurement to a 6-1/2 digit measurement. This 
changes the measurement resolution from 10 parts/1.5 
million (5-1/2 digit mode) to 1 part/1.5 million (6-1/2 
digit mode). The integration period will also change 
from 1/60 second (1/50 second for 50 Hz operation) to 
8/60 second (8/50 second for 50 Hz operation). The 
High Resolution mode cannot be used in the AC mode 
or the .1 V DC and 1 K ohm ranges. The reading rate in 
the DC and Ohms mode will also increase when the 
High Resolution function is turned off. Table 3-1 gives 
the various reading rates of the DC and Ohms functions 
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with High Resolution turned on or off. 


3-29. Auto-Cal. 


3-30 The purpose of the AUTO-CAL feature is to 
eliminate offsets, gain non-linearity, and drift which 
maybe present in the analog measuring circuits of the 
3455A. This is accomplished by measuring the offset 
and gain errors and then mathematically correcting the 
measurement reading to exclude them. Each of the gain 
and error measurements, called Auto-Cal constants, are 
stored in the ‘‘memory’’ by the 3455A’s main con- 
troller. These Auto-Cal constants are usually taken be- 
tween each sample of the instrument and are updated 
each time a new cal constant measurement is made. 


3-31. The reading rate of the 3455A increases when the 
Auto-Cal feature is turned off. Table 3-1 gives the 
reading rate of the various functions with Auto-Cal on 
or off. 


3-32. The last set of constants are used to correct 
measurements, when the Auto-Cal mode is turned off. 
As long as the input amplifier offsets, gain linearity 
and drift do not vary the 3455A should remain within 
it’s accuracy specifications. The time period over which 
these parameters will not change may vary from instru- 
ment to instrument. When the Auto-Cal function is 
disabled to obtain faster reading rates, it is recommend- 
ed to periodically return the 3455A to the Auto-Cal 
mode in order to update the cal constants. This can be 
done after a block of readings have been taken or when 
the instrument is not in use. The instrument will then 
update the cal constants for accurate measurements. 
Allow about 6 seconds for updating the cal constants, if 
the 3455A is in the Hold mode. 


3-33. Trigger. 


3-34, The 3455A has three trigger modes. INTERNAL, 
EXTERNAL, and HOLD/MANUAL. The following is 
an explanation of each trigger mode. 


a. Internal Trigger: This trigger is generated inter- 
nally and triggers the 3455A to take a reading, after the 
previous operation is completed (a reading or Auto-Cal 
measurement). This trigger mode is entered when the in- 
strument is turned on, when the Internal Trigger button 
is pressed, or a Device Clear message is remotely sent. 


b. External Trigger: When the 3455A is the External 
Trigger mode, the user can trigger the instrument from 
an external trigger pulse. This trigger pulse has to be ap- 
plied to the rear External Trigger Connector and should 
have a negative TTL edge and must be at least 3 
microseconds wide. The instrument will take a measure- 
ment, when this trigger pulse is received. After the 
measurement is taken, the 3455A can be triggered again 
for a new reading. If the instrument is triggered while 
making a measurement, the new trigger is delayed. 
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After the first measurement cycle is completed, the 
delayed trigger will iniate a second measurement cycle. 
Only one trigger will be delayed during any given 
measurement cycle. Any extra triggers sent during this 
cycle will be ignored. 


c. Hold/Manual Trigger: This trigger is similar to 
the External Trigger, except it can be executed by the 
Hold/Manual button. The Hold/Manual button must 
be pressed once in order to place the 3455A in the Hold 
mode. After pressing the Hold/Manual button the se- 
cond time, a measurement is taken. When the measure- 
ment cycle is completed, the Hold/Manual button can 
be pressed again for a new reading. It is important to 
remember that the Hold/Manual button should be 
pushed twice in order to take the first reading. If trig- 
gered while a measurement is taken, the trigger is 
delayed until the measurement cycle is complete. The 
delayed trigger will initiate a second measurement cycle, 
when the first one is completed. Only one trigger will be 
delayed during any given measurement cycle. Any extra 
triggers sent during this cycle will be ignored. 


3-35. Auto-Cal constants measurements also depend on 
the Trigger mode used. An input reading and a cal cons- 
tant measurement will alternately be taken, when the 
345S5A is in the Internal Trigger mode. A typical se- 
quence would be an input reading, one cal constant 
measurement, another input reading, the next cal cons- 
tant measurement, and so on. An attempt of this se- 
quence (input reading/cal Constant measurement) is 
also made when the instrument is in the Hold/Manual 
or External Trigger modes. If, however, a trigger is 
received while a cal constant measurement is taken, this 
measurement is aborted and an input reading is taken. 
After this reading, the aborted cal constant measure- 
ment is then retaken. If a new trigger is received before 
the cal constant measurement is finished, the measure- 
ment is again aborted and a new input reading is taken. 
The cal constant measurement can be aborted a number 
of times, depending on the function of the instrument. 
The table below lists the number of times the cal cons- 
tant measurements can be aborted. After this number 
has been reached, the trigger will be delayed and the 
Auto-Cal constant measurement is then completed. 


Maximum Number of Cal 
Constant Termination 


Function 


DC 128 
DC (High Resolution) 32 
AC Fast 64 
AC Normal 8 
Ohms 64 
Ohms (High Resolution) 16 


These numbers are accumlative when Auto-Cal is on. 
3-36. Sample Rate (Display). 


3-37. The SAMPLE RATE of the 3455A is set internal- 
ly and depends on the function selected, the power line 
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frequency, and use of the Auto-Cal and High Resolu- 
tion modes. When the Sample Rate buttons are pressed, 
the display rate of the reading are changed. By depress- 
ing the Decrease + 2 button on the front panel, the 
display rate can be decreased. Each time this button is 
pressed, the display rate is divided by two. The rate may 
be divided a maximum of six times for a display rate of 
1/64 of the maximum rate. The 3455A can be reset to 
the maximum rate by depressing the maximum button, 
after the display rate has been decreased. Table 3-1 gives 
the maximum number of readings the instrument can 
display on the front panel, in local operation. 


Table 3-1. Maximum Front Panel Reading Rates. 


Func High Auto Maximum Sample Rate 
Function Resolution | Calibration | Maximum Sample Rate 
DC Volts 3 readings/sec (60 Hz) 


2.5 readings/sec (50 Hz) 


5 readings/sec (60 Hz) 
3.5 readings/sec (50 Hz) 


6 readings/sec (60 Hz) 
5 readings/sec (50 Hz) 


24 readings/sec (60 Hz) 
22 readings/sec (50 Hz) 


2 readings/sec (60 Hz) 
1.8 reading/sec (50 Hz) 


45 readings/sec (60 Hz) 


4 readings/sec (50 Hz) 


ON 3 readings/sec (60 Hz) 
2.5 readings/sec (50 Hz) 


OFF 12 readings/sec (60 Hz) 
11 readings/sec (50 Hz) 


Not 
Applicable 


readings/sec (60 Hz) 
readings/sec (50 Hz) 


3 
1 
Not .3 readings/sec (60 Hz) 
Applicable 1 readings/sec (50 Hz) 
5 
5 


Not 
Applicable 


Not 13 readings/sec (60 Hz) 
Applicable 12 readings/sec (50 Hz) 


readings/sec (60 Hz) 
readings/sec (50 Hz) 


3-38. Auto Range. 


3-39. The AUTO RANGE feature of the 3455A can be 
used to automatically uprange and downrange the in- 
strument to the optimum range. This action takes place 
when an input measurement is taken. Upranging is dene 
when the reading is 150% of full scale and downranging 
at 14% of full scale. The Auto Range operation can be 
observed by applying 1.4 volts to the input of the 
3455A. The range selected by the instrument is the 1 V 
range. When the input voltage exceeds 1.5 volts, the 
3455A upranges to the 10 V range. When the input 
voltage is decreased below 1.4 volts, the 1 V range is 
again selected. The uprange points, the downrange 
points, and the accuracy of the instrument should be 
kept in mind when making a measurement. Time- 
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varient inputs may cause the 3455A to constantly 
uprange and downrange. If this happens, manually set 
the instrument to the higher range. 


3-40. Measurement time may also change, when the in- 
strument is in the Auto Range mode. If the instrument is 
not on the optimum range, a reading is taken and the 
3455A will either uprange or downrange. Another 
reading is then taken and if the optimum range has been 
found the reading will be displayed. If not, the instru- 
ment continues to uprange or downrange. A reading is 
taken on all intermediate non-optimum ranges until the 
correct range is found. The measurement time on each 
range should be added to the total measurement time. 


3-41. GUARDING. 
3-42. Common-Mode Voltages. 


3-43. Common-mode voltages are those which are 
generated between the power line ground point of the 
source and the LO input and power line ground point of 
the 3455A. Currents caused by common-mode voltage 
can be included in the measurement circuit, causing 
measurement errors. 


3-44. Guard Connection. 


3-45. Figure 3-3 illustrates three methods of connecting 
the 3455A Guard terminal to reduce errors caused by 
common-mode voltages. In example A, Guard is at 
nearly the same potential as the LO measurement ter- 
minal so that currents caused by common-mode voltage 
flows through Guard and not the measurement circuit. 
In example B, the 3455A guard switch is closed connec- 
ting guard to the LO input terminal. This allows 
common-mode current to flow through lead resistance 
Rp causing some measurement error. This connection 
may be used if common-mode voltages are not expected 
to be a problem. Example C is similar to A with the ex- 
ception that connecting guard in this manner allows any 
common-mode current generated between the source 
low and powerline ground to flow in the measurement 
circuit. 


NOTE 


The front panel quard pushbutton applies 
only for front panel inputs. Be sure to wire 
rear panel guard connections yourself, if- 
using the rear panel input terminals. 


3-46. Guarding Information. 


3-47. More detailed information on purpose and 
methods of guarding may be found in -hp- Application 
Note No. 123, ‘‘Floating Measurements and 
Guarding’’. This application note is available through 
your nearest -hp- Sales and Service Office. 
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A. BEST CONNECTION -GUARD CONNECTED TO LOW AT SOURCE. 


FLOATING 
POWER SUPPLY 34554 
r-—4 


! o HIGHI 
IHISHe= © + 
| 


BEST CONNECTION 


GUARD & LOW AT 
SAME VOLTAGE 


NO COMMON MODE CURRENT 
GOES THROUGH Ry 


SOURCE GROUND 


B. GUARD CONNECTED TO LOW AT VOLTMETER. 


ELOATING 
POWER SUPPLY 34554 
ae 


GUARD 8 LOW AT 

SAME VOLTAGE 
COMMON MODE CURRENT 
GOES THROUGH Rp, 
CAUSING ERRORS 


ee + 


LiNSTRUMENT GROUND _ 
C. GUARD CONNECTED TO EARTH GROUND, 


SOURCE GROUND 


FLOATING 
POWER SUPPLY 
=I 


SOLID CONNECTION SHUNTS 
MUCH OF COMMON MODE 
CURRENT AWAY FROM Rp, 
PROVIDED THAT Ecy IS 
MOSTLY BETWEEN GROUNDS 


SOURCE GROUND 


3458-8 - 4670 


Figure 3-3. Connecting the Guard. 


Guard should always be connected, either to 
the instrument LO terminal or to a point in 
the source circuit as indicated in Figure 3-3. 
If the guard terminal is left open, common- 
mode voltages may exceed the LO-to-Guard 
breakdown rating and damage the instru- 
ment. 


3-48. REMOTE OPERATION. 


3-49. General. 


3-50. The Model 3455A is remotely controlled by 
means of the Hewlett-Packard Interface Bus (HP-IB). 
The HP-IB is a carefully defined instrumentation inter- 
face which simplifies the integration of instruments, 
calculators, and computers into systems. 


NOTE 
HP-IB is Hewlett-Packard’s implementation 
of IEEE Std. 488-1975, ‘‘Standard Digital 


Interface for Programmable Instrumenta- 
tion.”’ 
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3-51. The capability of a device connected to the Bus is 
specified by the interface functions it has. Table 3-2 lists 
the Interface Functions included in the Model 3455A. 
These. functions are also listed above the rear panel HP- 
IB connector (see Figure 3-1). The number following the 
interface function code indicates the particular capabili- 
ty of that function as listed in Appendix C of IEEE Std. 
488-1975. 


Interface Function 


Table 3-2. HP-IB Interface Capability. 
Source Handshake capability 

Acceptor Handshake Capability 

Talker (basic talker, serial poll, talk only mode, 
unaddress to talk if addressed to listen) 
Listener (basic listener, unaddress to listen if 
addressed to talk) 

Service Request Capability 

Remote/Local Capability 

No Parallel Poll Capability 

Device Clear Capability 

Device Trigger Capability 


No Controller Capability 
Open Collector Bus Drivers 


Interface Functions provide the means for a device to 
receive, process and send messages over the bus. 


3-52. Messages are the means by which devices ex- 
change control and measurement information. These 
messages permit communication and/or control bet- 
ween: 


Controller and Device(s) 
Device and Device(s) 
Controller and Controller(s) 


Table 3-3 lists the Bus Messages and gives a brief 
description of each. The messages are categorized by 
Bus function. 


3-53. Address Selection. 


3-54. The ‘‘talk’’ and ‘‘listen’’ addresses of the 3455A 
are selected by the INSTRUMENT ADDRESS switch. 
This switch is a seven section ‘‘Dip’’ switch located on 
the rear panel (see Figure 3-1). The five switches, labeled 
1 through 5 are used to select a unique talk and listen ad- 
dress. Figure 3-4 lists the available address codes and the 
corresponding switch settings. The 3455A normally 
leaves the factory with the switch set to listen address 6 
and talk address V (decimal code 54). 


3-55. Talk Only (No Controller). The 3455A may be used to 
provide measurement data to another device, such as a 
printer, without having a controller on the Bus. 
However, the device must be HP-IB compatible. The 
talk only switch must be set to the TALK ONLY posi- 
tion. In this mode the 3455A will output measurement 
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Table 3-3. Bus Messages. 


Device 
Communications 


Transfers device-dependent infor- 
mation from one device to one or 
more devices on the Bus. 


Trigger Causes a group of selected devices 
to simultaneously intitate a set of 
device-dependent actions. 


Causes an instrument to be set to 
a pre-defined state 
range, function, etc.). 


(a certain 


Remote Permits selected devices to be set 
to remote operation, allowing 
parameters and device characteris- 
tics to be controlled by Bus 
Messages. 

Local 

Lockout 


Clear Returns all devices to local (front 
Lockout panel) control and simultaneously 
and clears the Local Lockout Message. 
Local 


Causes selected devices to return 
to local (front panel) operation. 


Disables local (front panel) con- 
trols of selected devices. 


Indicates a device's need for inter- 
action with the controller. 


Interrupt Require 
and Service 


Device 
Status 
yte 


Status 
Status A single bit of device-dependent 
Bit status information which may be 
logically combined with status bit 
information from other devices 
by the controller. 


Presents status information of a 
particular device; one bit indicates 
whether or not the device current- 
ly requires service, the other 7 
bits (optional) are used to indi- 
cate the type of service required. 


Passing Pass 
Control Control 


Passes bus controller responsibili- 
ties from the current controller to 
a device which can assume the 
Bus supervisory role. 


Unconditionally terminates Bus 
communications and returns con- 
trol to the system controller. 


data each time a measurement sample is made. Section 
of FUNCTION, RANGE, TRIGGER, etc. is ac- 
complished manually using the front panel controls. 


NOTE 


When the 3455A is connected to a system 
with a controller, the TALK ONLY switch 
must be set to the off position. 


3-56. Program Codes. 
3-57. All front panel controls, except the LINE switch, 
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GUARD switch, and SAMPLE RATE switches, are 
programmable from the Bus. The program codes for - 
each control are listed in Table 3-4. The program codes 
can also be determined from the front panel markings. 
For multi-control features such as FUNCTION, 
RANGE, TRIGGER, and MATH the program code 
consists of the combination of the underlined letter in 
the control group heading and the position number of 
the particular control. See the following example: 


CONTROL GROUP CODE 
(UNDERLINED) 


C FUNCTION 
FAST 2WiRE 4WiRE 
rit ~ ~v ") kn TEST 
3455-B-4714 
POSITION 1 2 3 4 5 6 
PROGRAM F1 F2 F3 F4 F5 F6 


CODE 


INSTRUMENT 
ADDRESS 


dddil 


@ POSITION (DOWN) 1 POSITION (UP) 


NOT USED 


ASCII Code 


Character Address Switches 


A5 A4 A3 A2 Al 


5-bit 
Decimal Code 


Listen Talk 


OMNOUBWNH-G~-: 


—=N=@SN%SHeoHOmn ep Ve2SeF-AKS—-foO 1M oans 


Ppa eee eee eee esHH-occccca0ceCeCCCCCCoOco 


meee eee -00000CC0CO0OHHHfrFHeHrnrr+-0qo000000 0 
--+-0000+++-0000++++-c0qo0cqo0qo++-+-+0000 
-oo--+-c00-+-00--00-+-00-+-00-+-00-+-00 
o-o-0+-0+-0-0-0-0-0-0-0-0-0-0-C+-0 


Figure 3-4. Address Selection. 
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Table 3-4. HP-IB Program Codes. 


Program 
Control Code 
F1 


DC Volts 

AC Volts F2 
FUNCTION Fast AC Volts F3 

2 Wire kQ F4 

4 Wire kQ F5 

Test F6 


RANGE 


Internal 
External 
Hold/Manual 


TRIGGER 


MATH 


ENTER 


STORE 


AUTO CAL 


HIGH 
RESOLUTION 


DATA 
READY RQS 


BINARY 
PROGRAM 


3-58. The program code for single control features 
which can only be programmed on or off (AUTO CAL 
and HIGH RESOLUTION) consist of the letter 
underlined in the control heading and the number ‘‘9”’ 
for off or the number ‘‘1’’ for on. This also applies to 
the DATA READY Request feature which is Bus pro- 
grammable only. 


Example: 
control code 
(underlined) 
Auto DATA 
CAL READY 
@ = off 


RQS 
=on & e) 
3455- B-4714 
Program Code 
(off) AQ D¢@ 
(on) Al D1 


3-59. Program codes for the ENTER and STORE 
features consist of the letter underlined in the control 
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heading and the underlined letter of the particular con- 
trol. 


Example: 
control group code 
(underlined) 
a STORE 
¥ z Y Zz 
control codes _—7— = = 
(underlined) C) ge 


3455 - B-4714 


program code EY EZ SY SZ 


3-60. The program code of the BINARY PROGRAM 
feature consists of only the underlined character in the 
control heading (B). 


3-61. Data Messages. 


3-62. The major portion of communications transmit- 
ted over the Bus is accomplished by data messages. Data 
messages are used by the controller to program the 
Model 3455A and are used by the 3455A to transmit 
measurement data. These functions are explained in the 
following paragraphs. 


3-63. Programming. The 3455A is programmed by means 
of data messages sent over the Bus from the controller. 
These messages are composed of two parts — the ad- 
dress command and the program information. The ad- 
dress command contains the ‘‘talk’’ and ‘‘listen’’ ad- 
dresses of the devices involved; in this case, the talk ad- 
dress of the controller and the listen address of the 
3455A. The program information contains the codes of 
the 3455A controls to be programmed. Syntax of the ad- 
dress command portion of the data message is depen- 
dent upon the controller being used. For the proper syn- 
tax refer to the controller manual. Syntax for the pro- 
gram information portion consists of the program codes 
listed in Table 3-4. 


Example program data messages: 


Address 3455A Program 

Command Information 

ees OOS Le. 
CMD “2? U6", “Fl R3 A@ Hi M3 T3” 


output to_| [ HOLD/ 
the bus MANUAL 
unlisten TRIGGER 


command MATH off 
controller 


“talk” address HIGH RESOLUTION 
3455A on 


“listen” address 


AUTO CAL off 


10 V RANGE 
DC Volts FUNCTION 


Program data message using the 9830A Calculator. 
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Address 3455A Program 
Command Information 
we Tagg 
wrt 722, “FI R3 A@ Hl M3 T3” 


| 3455A listen 
address 

output to the (decimal equivalent) 

bus, includes 

the unlisten command 

and calculator talk 


address 
Program data message using the 9825A Calculator. 


3-64. Entering MATH Constants (Y and Z) from the Bus. The 
following data message illustrates the program informa- 
tion necessary to enter numbers into the Y and Z 


registers: 
Address Program 
Command Information 


eT ™ 
(refer to Controller “EY 123.456 SY EZ 45.6789 SZ” 


Manual) 
Sage number 
“Z” Register 
Programs the 
3455A to store 
the displayed 
number in the 
“Y” Register. 
Number to 
be entered 
Programs the 
3455A to enter 


numerical data 
into the display 


addresses controller to 
“talk” and 3455A to “‘listen” 


The number stored in the Y or Z register can be read 
from the Bus by programming the ENTER feature and 
the particular register. This transfers the number from 
the storage register specified to the display. The number 
displayed is output to the Bus by addressing the 3455A 
to ‘‘talk’’. The number is returned to the storage 
register by programming the STORE feature and the 
desired register. The following example illustrates how 
to read the numbers stored in the Y and Z register from 
the Bus: 

Address 

Command 


wit 722 , “BY” 


Transfers the number 
stored in the Y register 
into the 3455A display 


Addresses the 
controller (9825A) 
to “talk” and the 
3455A to “listen” 
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red 722 ,A;dsp A 


Outputs the contents of 
the controller’s “A” register 
to the display 


Addresses 
the 3455A 
to “talk”? and 


the controller Specifies the 


9 
Coe a controller register 
Ston to receive the 
number 
wit 722... "SY 


Returns the number in 
the 3455A display to the Y 
register 


Addresses the 
controller (9825A) to 
“talk” and the 3455A 
to “‘listen” 


3-65. Data Ready Request. The DATA READY Request 
feature permits the 3455A to signal the controller upon 
the completion of a measurement. This feature would 
normally be used where the 3455A is triggered from an 
external source. In this mode of operation, the 3455A is 
programmed to the appropriate measurement 
parameters (FUNCTION, RANGE, etc.). The con- 
troller is then free to control other instruments on the 
Bus. Upon being triggered, the 3455A makes a measure- 
ment and outputs a ‘‘Require Service’’ message to 
notify the controller that the measurement information 
information is ready. Upon receiving the service re- 
quest, the controller with serial poll the 3455A to deter- 
mine the nature of the service request. Upon being poll- 
ed, the 3455A outputs a status byte, in this case the 
ASCII character ‘‘A’’ (decimal 65), indicating the 
measurement data is ready. The controller then disables 
the serial poll and reads the measurement data. The pro- 
gram codes for the DATA READY RQS feature are: 


D@ Data Ready Request off 
D1 Data Ready Request on 


3-66. Binary Program Feature. The BINARY PROGRAM 
feature permits the status of the FUNCTION, RANGE, 
TRIGGER, MATH, AUTO-CAL and HIGH RESO- 
LUTION controls to be determined or programmed 
from the bus in four 8-bit binary words. The BINARY 
PROGRAM feature allows faster programming of the 
3455A by reducing the number of program data bytes 
from a maximum of 12 for normal programming to 4 
data bytes for binary programming. The BINARY 
PROGRAM codes can also be read and stored by the 
controller to re-program the 3455A at a later time (see 
Appendix A). One important thing to remember is to 
send a ‘‘B’’ to the 3455A in order to put the instrument 
into the BINARY mode. Table 3-5 lists the allowable 
BINARY PROGRAM codes for each of the four data 
bytes and the front panel keys they control. 
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3-67. The following data message examples illustrate 
how to read or program the front panel control of the 


Table 3-5. BINARY PROGRAM Codes. 


First BINARY PROGRAM Data Byte 


Controls Affected: SCALE, % ERROR, OFF (MATH) 
Program Code 


DECIMAL 
CODE 


Second BINARY PROGRAM Data Byte 


Controls Affected: AUTO CAL, AUTO RANGE, HIGH RESOLU- 
TION, HOLD/MANUAL, EXTERNAL, INTERNAL 


To Program: 


HIGH DECIMAL 
RESOLUTION CODE 


Hold/Manual 
External 
Internal 


Hold/Manual 
External 
Internal 


Hold/Manual 
External 
Internal 


Hold/Manual 
External 
Internal 


Manual/Hold 
External 
Internal 


Manual/Hol¢ 
External 
Internal 


Manual/Hold 


External 
Internal 


Manual/Hold 
External 
Internal 


Third BINARY PROGRAM Data Byte 


Controls Affected: 10 K, 1 K, 100, 10,1, .1 (RANGE) 
Program Code 


DECIMAL 
CODE 


Fourth BINARY PROGRAM Data Byte 


Controls Affected: TEST, 4 WIRE kQ, 2 WIRE kQ, FAST ACV, 
ACV, DCV (FUNCTION) 


Program Code 


DECIMAL 
To Program: CODE 


TEST 
4 WIRE kQ 
2 WIRE kQ 
FAST ACV 
ACV 
DCcV 
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3455A. To read control status: 


wit 722, “B” 


Address the Set the 3455A to the 
3455A to BINARY PROGRAM 
“listen” mode 


Since normally four data bytes are used in Binary pro- 
gramming, the 3455A may indicate an SRQ condition 
when only a ‘‘B’’ is sent. 


red 722 


Address the 3455A 
to “talk” 


The 3455A, after receiving the “talk” command, will out- 
put the front panel control status codes (4 bytes). As an 
example, if the front panel controls were in the “turn-on” 
state, the 3455A would output the following codes: 


oS 
MATH OFF = | DC Volts FUNCTION 
AUTO CAL ON 
AUTO RANGE ON 
HIGH RESOLUTION OFF 1 Volt RANGE 


INTERNAL TRIGGER (depends on input applied) 


To program front panel controls: 


wit722, “B ;K/=” 
Address the 
3455A to Desired program 
listen codes (see Table 3-5) 
Set 3455A to 
BINARY PROGRAM 


mode 


3-68. Measurement Data. Measurement data is output by 
the 3455A in the following general format: 


OUTPUT FORMAT: + D.DDDDDDE + DD CRLF 


Polarity of measurement 
(does not apply to ACV 


or OHM measurements) Terminates 


message 
Measurement reading 
expressed in scientific 
notation 
This format is printed in the lower left corner of the 
3455A front panel for convenience. The following is an 
example of a data message output by the 3455A: 
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Input to 3455A: -143.5 volts DC 
Output Data Message: -1.435000 E + 02 CR 
LF 


The 3455A will output a measurement data message 
when addressed to ‘‘talk’’. The syntax for addressing 
the 3455A is dependent upon the controller being used. 
Refer to the Operating Manual of your controller for in- 
structions. 


NOTE 


An overload measurement is indicated by an 
E + 10 exponent in the HP-IB measurement 
data. The large exponent is the key. 


Also, note that the LF character (concurrent 
with EOI) is the last character in the data 
message and must be handshook from the 
3455A to complete the measurement 
transfer. 


3-69. Device Control Messages. 


3-70. Device control messages are issued by the system 
controller to manage instruments on the bus. These 
messages are controller dependent. For specific infor- 
mation as to syntax and procedures to transmit the con- 
trol messages, refer to the Operating Manual of the con- 
troller being used. 


3-71. The following paragraphs describe the 3455A 
response to the various control messages. 


3-72. Trigger Message. The trigger message causes the 
3455A to initiate a measurement cycle. The 3455A must 
be addressed to ‘‘listen’’ in order to recognize the trigger 
message. The measurement results of the 3455A depend 
upon the control settings (FUNCTION, RANGE, etc.) 
at the time the trigger message is received. 


3-73. Clear Message. Upon receiving the clear message, 
the 3455A sets the front panel controls to their ‘‘turn- 
on’’ state. The turn-on state is as follows: 


FUNCTION sec eens os sis DC VOLTS 
RANGE xicntncras nets eros cae nerien AUTO 
TRIGGER: 4.500658 sere veers INTERNAL 
MUASTIEN setecaisteserc sisrenn es aistsiornias soins OFF 
AUTO CAL. casi dsm einen terete ON 
HIGH RESOLUTION ....666 cs se0s OFF 
DATAUREADY. ROS. © occ srccie sce OFF 
BINARY PROGRAM. ... 0.6.0.0 000 OFF 


The 3455A will respond to the device clear message 
whether addressed to ‘‘listen’’ or not. To respond to the 
selected device clear message, the 3455A must be ad- 
dressed to listen. 
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3-74. Remote Message. The 3455A will go to Remote 
(Bus) control when the remote message, in conjunction 
with its ‘‘listen’’ address, is received. Remote operation 
is indicated when the REMOTE indicator, located 
above the display, is lit. During remote operation, the 
front panel controls cannot be operated manually. 


3-75. Local Message. The local message returns the 
3455A to LOCAL (manual) control. The 3455A can 
also be returned to local control by pressing the front 
panel LOCAL button. Some circuits of the instrument 
may also be in local operation when a local message is 
send to another instrument on the HP-IB. 


7-76 Local Lockout Message. The local lockout message 
disables the front panel LOCAL control. In the local 
lockout mode, the 3455A cannot be returned to local 
operation from the front panel. 


3-77. Clear Lockout and Local Message. The 3455A will set 
the front panel to LOCAL (manual) operation and 
enable the LOCAL control upon receiving the clear 
lockout and local message. 


3-78. Interrupt and Device Status Messages. 


3-79. The interrupt and device status messages permit 
the 3455A to notify the controller when an error in pro- 
gramming information or measurement output data oc- 
curs. The 3455A also uses these messages to notify the 
controller when measurement data is available if the 
DATA READY REQUEST feature is programmed. 


3-80. Require Service Message. The following conditions 
will cause the 3455A to output a Require Service (SRQ) 
message. 


a. Data Ready. If the DATA READY REQUEST 
feature is programmed, the 3455A will output an SRQ 
message upon completing the required measurement. 


b. Syntax Error. The 3455A will output an SRQ 
message if a program code other than those listed in 
Table 3-4 is received. For example, the program code 
‘‘F7’’ would cause a syntax error since the FUNCTION 
program set only contains codes F1 through F6. 


c. BINARY PROGRAM Error. The 3455A will out- 
put an SRQ message if a BINARY PROGRAM code 
other than those listed in Table 3-5 is received. 


d. Trigger Too Fast. An SRQ message will be output 
if the 3455A is triggered while outputting data to the 
bus. This condition most commonly occurs if the 3455A 
is programmed to INTERNAL TRIGGER during bus 
operation. The front panel SRQ indicator is lit when the 
3455A requires service. The Require Service message 
can be cleared by serial polling the 3455A or by clearing 
the 3455A. 
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3-81. Status Byte Message. The status byte message is 
output by the 3455A in response to a serial poll and in- 
dicates, to the controller, the nature of a service request 
message (SRQ) from the 3455A. The following is a list 
of the basic status byte codes output by the 3455A: 


Status Byte Code 


Decimal Code 
72 
It is possible for more than one of the basic status byte 
messages to be true. In this case the resulting status byte 
code would be the combintation of the basic status byte 
codes being output. As an example, the resulting code 
for the combination of the syntax error and trigger too 
fast messages would be ASCII character J decimal code 


74. The following illustrates the status Byte message in- 
dicating the purpose of each relevant ‘‘bit’’. 


Data Ready - Indicates to the con- 
troller that measurement data is 
available. Applies to DATA 
READY Request feature. 


Syntax Error - Indicates improper 
program code. Example - Pro- 
gram Code ‘‘F7’’ would cause a 
syntax error since the FUNC- 
TION program set is only defined 
for codes F1 through F6. 


BINARY FUNCTION Error - In- 
dicates improper BINARY PRO- 
GRAM code or incomplete binary 
message. Similar to syntax error. 


Trigger too Fast - Indicates the 
3455A has been triggered while 
measurement data is being output 
to the bus. Warns of possible in- 
correct measurement information. 


STATUS BYTE MESSAGE 


bg b7 be b5 b4 b3 b2 by 


HOG OOOO 


Service Request | DATA READY 


(SRQ) 
SYNTAX ERROR 


BINARY FUNCTION 
ERROR 


bits 5 and 6 set high 


TRIGGER TOO FAST 


NOTE 


All ‘‘bits’’ are low true; bit 8 is not used. 
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3-82. DATA OUTPUT CHARACTERISTICS. 


3-83. The protocol used by the 3455A to output 
measurement data must be followed in order to preserve 
proper data transfer over the HP-IB, the following 
notes on data transfer over the HP-IB may be helpful: 


a. If a reading has been taken and thus resides in the 
output buffer, the buffer is not considered busy until 
the output handshaking begins. Thus, a new trigger will 
indicate a measurement and the new reading will replace 
the old reading. The old reading is lost and there is no 
SRQ condition. 


b. Once the first character of measurement data has 
been handshaken out, the buffer is considered busy un- 
til one of the following occurs: 


1. The balance of the reading is handshaken out. 
2. ‘‘Device’’ or ‘‘Selected Device’’ clear is given. 


3. The 3455A power is interrupted, triggering 
while the buffer is busy will lose the new 
reading and cause a ‘‘Trigger too Fast’? SRQ 
condition. 


c. When triggering and taking measurements in a 
loop, sufficient time must be allowed for the 3455A to 
perform the entire A-To-D measurement cycle and buf- 
fer data to become available after the first reading. The 
‘““Wait’’ statements in many 9800 series calculators are 
convenient methods to avoid outputting the previous 
buffer contents. This condition shows up as being ‘‘One 
reading behind’”’ in your measurement sequence. 


d. If you know the output buffer is not busy, but 
don’t know whether it is full or not, sending a ‘‘device’’ 
or selected device’’ clear followed by reprogramming 
the desired conditions is a safe way to clear the output 
buffer. 


3-84. Bail Out Message. 


3-85. Abort. The Abort message unconditionally ter- 
minates all Bus communications and returns control to 
the system controller. Only the system controller can 
send the Abort message. Refer to the Operating Manual 
of the controller being used for instructions on sending 
the Abort Message. 


3-86. Instrument Measurement Times (Remote Control). 


3-87. In the Remote Operating mode, the 3455A takes a 
certain amount of time to respond to a trigger message. 
The overall time depends on the range, function, and 
particular controller used. This time may also vary from 
instrument to instrument. Table 3-6 gives the typical 
measurement times, using the HP-IB. These times are 
not part of the operating specifications of the instru- 
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ment, and are only provided as additional information 
for HP-IB system use. The following is an explanation 
of the various times involved in a measurement se- 
quence. 


a. tl (Typical Input Data Transfer Time): This is the 
typical time it takes to transfer input data (set the 3455A 
to acertain function and range, etc) from a controller to 
the instrument. The transfer time depends on the num- 
ber of ASCII character send to the instrument and the 
response time of the controller. For example, to send an 
““F1T3’’ message to the instrument takes four charac- 
ters. 


b. 12 (Typical Input Settling Time): The instrument 
is triggered (HP-IB, External, or Hold/Manual Trigger) 
and the 3455A begins to take a reading. This time con- 
sists of the settling time of the input relays, FETs, and 
other circuits. 


c. t3 (Typical Measurement Time): The input mea- 
surement is taken at this time. This includes the A-to-D 
conversion time. 


d. t4 (Typical Computation Time): When the 
measuring and the A/D operations are completed, the 
instrument’s internal main controller circuits calculates 
the correct measurement reading. This time is the 
amount of the time it takes to complete the calculation. 


d. t5 (Typcial Output Data Transfer Time): The 
3455A now sends the reading to the HP-IB output buf- 
fers to be transferred to the controller. This time also 
depends on the response time of the particular con- 
troller. 


3-88. Remote Programming Examples. 
3-89. Appendix A at the end of this manual has Remote 


Programming examples for the 3455A. These examples 
are given in the HP Basic (-hp- Model 9830A/B Con- 
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troller), HPL (-hp- Model 9825A Controller) and 
Enhanced Basic (-hp- Model 9835A/B and 9845A/B 
Controller) languages. The examples in the Appendix 
can be helpful when you write programs for the 3455A. 


3-90. OPERATORS CHECKS. 


3-91. The TEST feature provides a convenient method 
of testing the basic operational capabilities of the Model 
3455A. This test plus an operational check of the Ohms 
and AC functions tests the major portion of the 3455A 
circuitry. Keep in mind the following checks test only 
the operating capability of the 3455A. They do not 
check the performance accuracy. 


3-92. BENCH USE. 


3-93. The following sequence may be used to manually 
check operational capability of the 3455A. 


a. Set the 3455A to AUTO RANGE. 


b. Press the TEST button. The display should be 
blank while the 3455A is performing the self test. Upon 
successful completion of the test, all front panel in- 
dicators (except the REAR TERMINAL indicator) will 
light and a reading of + 8888888 with all decimals lit 
will be displayed. The self test will be repeated until 
another function is selected. 


c. Connect a short across the INPUT terminals. 


d. Press the 2 WIRE kQ button. The front panel 
display should read .00000 + 300 milliohms. 


e. Press the ACV button. The display should read 
.00000 + 600 microvolts. 


3-94.HP-IB Operation. 


3-95.Figure 3-5 shows the steps necessary to perform 
the 3455A operators check from the Bus. 


Table 3-6. Typical HP-IB Controlled Measurement Times. 


Input Data Transfer Time 


Line 
Frequency 


Input Setting Time Measurement Time 


Output Data Transfer 


Computation Time Tinie 


Function 
DC Volts High Resolution OFF 60 Hz 


Auto-Cal OFF 
High Resolution ON 
Auto-Cal ON 
High Resolution ON 
Auto-Cal OFF 


High Resolution ON 550 usec per character 
Auto-Cal ON plus the response time of 


Controller 


High Resolution OFF 
Auto-Cal OFF 
High Resolution OFF 
AutoCal ON 
High Resolution ON 
Auto-Cal OFF 
High Resolution ON 
Auto:Cal ON 50 Hz 


Auto-Cal 60 Hz 
ON or OFF 


Ohms 


Normal AC Volts 


: 
19 msec 


12 msec 22 msec 


[| izmsec | 48 msec 
55 msec 
[i7msec _| [280 msec __| msec 
35 msec 


42 msec 


12.5 ms for.1V to 10 V 
Ranges 

15.5 msec for 100 and 
1000 V Ranges 


14 msec 


750 msec per character 
plus the response time of 
the controller (the 3455A 
output usage consists of 

15 characters). 


162 msec 


830 msec 12 msec all Ranges 


Fast AC Volts Auto-Cal 


ON or OFF 


3455A Triggered 
at this time 


3-14 RevA 


12 mse 57 msec 


Note: Time t3 should be used for each range being measured when the 3455A is in the 
Auto-range mode (see Paragraph 3-38.) 
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SECTION IV 
PERFORMANCE TESTS 


4-1. INTRODUCTION. 


4-2. This section contains performance and operational 
verification test procedures which can be used to verify 
that the 3455A meets its published specifications (listed 
in Table 1-1). All tests can be performed without access 
to the interior of the instrument. The performance tests 
in this section do not test the 3455A Math Functions or 
HP-IB Interface. These functions can be tested using 
the operators test procedures included in Section III. 


4-3. EQUIPMENT REQUIRED. 


4-4. The test equipment required for the performance 
tests is listed at the beginning of each procedure and in 
the Recommended Test Equipment Table in Section I. 
If the recommended equipment is not available, use 
substitute equipment that meets the critical specifica- 
tions given in the table. 


4-5. PERFORMANCE TEST CARD. 


4-6. Performance Test Cards are provided at the end of 
this section for your convenience in recording the per- 
formance of the 3455A during either test. These cards 
can be removed from the manual and used as a perma- 
nent record of the incoming inspection or of a routine 
performance test. The Test Cards may be reproduced 
without written permission from Hewlett-Packard. 


4-7. CALIBRATION CYCLE. 


4-8. The 3455A requires periodic verification of perfor- 
mance. The performance should be tested as part of the 
incoming inspection and at 90-day or 6-month intervals, 
depending on the environmental conditions and your 
specific accuracy requirements. Two tests (performance 
and opertional verification) are provided in this section. 
The operational verification test should be performed as 
an incoming inspection of the instrument. The complete 
performance test can be used at the 90-day or 6-month 
intervals, and following a complete calibration of the in- 
strument. 


4-9. INPUT TERMINALS/CONTROL SETTINGS. 


4-10. Unless otherwise specified, the test signals for the 
performance tests can be applied to either the front or 
rear INPUT terminals. All tests must be performed in 
the INTERNAL Trigger Mode with AUTO CAL on and 
MATH off. For standard instruments (rms converter) 
the rear panel AC - AC/DC switch must be in the ac 
position. Other control settings are included in the test 
procedures. 


4-11. PERFORMANCE TEST FAILURE. 


4-12. If the 3455A fails any of the performance tests or 
operational verification test, perform the adjustments 
outlined in Section V. If the problem cannot be cor- 
rected by the adjustment, refer to Section VIII for 
troubleshooting information. 


4-13. SPECIFICATION BREAKDOWN. 


4-14. The dc, ac and ohms accuracy specifications 
(Table 1-1) are grouped according to the selected instru- 
ment function, i.e., High Resolution On or Off, ACV 
or Fast ACV and 2-Wire or 4-Wire ohms. Within each 
group there are three sets of specifications: 


a. 24 hour (23°C + 1°) 
b. 90 day (23°C + 5°C) 
c. 6 months (23°C + 5°C) 


4-15. The time period over which a set of specifications 
applies is relative to the time the instrument is initially 
adjusted at the factory or is properly readjusted accor- 
ding to the procedures outlined in Section V. Before 
proceeding with the dc, ac and ohms accuracy tests, it 
will be necessary to determine which set of specifica- 
tions applies to your instrument. If the instrument has 
just been received and is to be tested as part of the in- 
coming inspection, test for the 90-day specifications. If 
the instrument has been readjusted within a period of 24 
hours, test for the 24-hour specifications. Test limits for 
the 24-hour and 90-day specifications are included in the 
tables for the accuracy tests. Test limits for the 6-month 
specifications must be derived from the specifications 
listed in Table 1-1. If the instrument is operated outside 
for the temperature range for a given set of specifica- 
tions, the appropriate temperature coefficients, listed in 
Table 1-1, must be added to those specifications. The 
test limits given in the tables for the dc, ac and ohms ac- 
curacy tests do not include temperature coefficients. 


4-16. Each set of specifications includes an accuracy 
specification for each voltage or ohms range. Accuracy 
is specified as a percentage of reading plus an add-on of 
one or more digits (counts). For example, the 24-hour 
DC Accuracy specification for the l-volt range (High 
Resolution Off) is: 


+ (0.003% of reading + 1 digits) 
At full scale (1 V) the least significant display digit, 


equal to 10 microvolt, is 0.001% of reading. The full- 
scale accuracy is therefore: 
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+ (0.003% + 0.001%) = + 0.004% of reading 


Similarly, at one tenth of full scale (0.1 V) the least signifi- 
cant digit (10 microvolt) is equal to 0.01% of reading so the 
accuracy specification is: 


+ (0.003% + 0.01%) = + 0.013% of reading 


These specifications do not include the temperature coeffi- 
cient that must be added if the instrument is operated out- 
side of the 22°C to 24°C range. 


4-17. DC ACCURACY TEST CONSIDERATIONS. 


4-18. Because of the high dc accuracy of the 3455A, a 
precision dc calibration standard is required to verify that 
it meets its dc accuracy specifications. To thoroughly test 
the performance on all ranges, the standard must be capable 
of delivering outputs within the range of 0.10000 V dc to 
1000.000 V dc. The accuracy of the standard must be such 
that its errors do not introduce significant uncertainties in 
the 3455A test readings. Ideally, the accuracy of the stand- 
ard should be ten times better than the 3455A specifica- 
tions being tested — a ten to one error reduction nearly 
eliminates measurement uncertainties caused by the stand- 
ard. To test accuracy specifications on the order of 
+ 0.005% of reading, however, a standard with a specified 
accuracy of + 0.0005% (5 ppm) would be required. Since 
this type of accuracy, over the range needed to completely 
test the accuracy of the 3455A, is generally not available 
outside of a standards laboratory, some compromises may 
be required. If you have access to primary in-house (NBS 
certified) standards or have calibrated transfer standards 
that are capable of delivering the required output voltages, 
we recommend that you use them. If you do not have 
access to such facilities you may, depending on your specif- 
ic accuracy requirements, choose to do one of the follow- 
ing: 

a. Use a dec calibration standard that is four or five 
times more accurate than the 3455A specifications to 
be tested. (A discussion of the potential uncertainties is 
given in following paragraphs.) 


b. Use a highly stable calibrated standard and add the 
correction factors (given on the calibration chart) to the 
3455A test readings. 


c. Send the 3455A to an -hp- Service Center or some 
other NBS-certified standards facility for calibration. 


4-19. Several of today’s commercially available dc calibra- 
tion standards provide the output voltage range and resolu- 
tion needed to test the performance of the 3455A but they 
are not, in general, an order of magnitude more accurate 
than the 3455A. When using such standards it is important 
to be aware of the uncertainties or “ambiguities” that may 
be encountered. These potential ambiguities are described 
in the following paragraphs. 


4-20. First, consider the case where a digital voltmeter 
(DVM) is to be tested for a full-scale accuracy of + 0.01% 
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of reading on its 1-volt range. The DVM is connected to a 
de calibration standard whose specified accuracy is + 
0.001% of setting and with the standard set to + 1.00000 V, 
the DVM reads +0.99992 V which is 0.008% low. The dc 
standard’s specified accuracy is ten times better than the 
specification being tested and at 1 V its maximum error 
contribution to the DVM reading is 10 microvolt or 
0.001%. If the standard is 0.001% low the actual DVM 
error is - 0.007%; if it is 0.001% high, the actual DVM error 
is - 0.009%. In either case the DVM is within its specifica- 
tion and, since this measurement is not a calibration but is 
only intended to verify that the DVM meets its specifica- 
tion, the standard’s error can be ignored. 


4-21. But what if the DVM reading is + 0.999908 V? Here, 
the DVM appears to be in tolerance (0.0092% low) but the 
margin is only 0.0008% which is less than the 0.001% maxi- 
mum allowable error contribution of the standard. If the 
standard’s output is 0.001% low, the actual DVM error is 
- 0.0082% rather than - 0.0092% so the DVM is within its 
specification. If, on the other hand, the standard’s output is 
0.001% high, the actual DVM error is - 0.102% and the 
DVM is slightly out of tolerance. Chances are good that the 
DVM is within its specification but the only way to tell for 
sure is to use a more accurate standard. As the example 
points out, there are regions of ambiguity even when the 
standard is ten times more accurate than the instrument 
being tested. With a ten-to-one error reduction, however, 
these regions are relatively narrow. In this case, the DVM 
could be out of tolerance but if so, its maximum out-of- 
tolerance error is only - 0.0002%. As long as the DVM 
reading is within specified tolerances, the maximum DVM 
error that can exist is + 0.011% which is the sum of the 
maximum DVM error and the maximum allowable error 
of the standard. A potential deviation of + 0.001% from the 
DVM specifications could, in many cases, be acceptable. 
Also, if the standard has been recently calibrated and is 
known to be well within its specification, readings in the 
narrow ambiguous regions may reflect marginal DVM per- 
formance or indicate the need for adjustment. 


4-22. Now suppose the dc standard’s specified accuracy is 
+ 0.0025% — only four times better than the + 0.01% DVM 
accuracy specification. If the DVM reading is + 0.999890 
volt, it appears that the DVM is 0.011% low. However, if 
the de standard is 0.002% low (well within its specification) 
the DVM is only 0.009% low and is in tolerance. Con- 
versely, if the DVM reading is + 1.00081 V the DVM 
appears to be 0.0081% high and well within its specifica- 
tion. But if the standard is 0.0023% low, the actual DVM 
error is + 0.014% and the DVM is out of tolerance. 


4-23. Figure 4-1 shows how the error tolerances of the 
standard combine with those of the DVM to produce the 
positive and negative ambiguous regions used in the pre- 
ceding examples. From Figure 4-1, the following observa- 
tions can be made: 


a. If the DVM reading is in tolerance by a percentage 
that is greater than the maximum allowable error of the 
standard, the DVM is definitely within its specification. 
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Readings above this point show that 


4 DVM is definitely out of specs 


DVM spec + std spec 
VM spec 
DVM spec - std spec 


Readings in this 
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% Error 


DVM spec - std spec 
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aa ae Readings below this point show that 
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Readings in this 
region are ambiguous 
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Figure 4-1. Ambiguous Regions. 

b. If the DVM reading is out of tolerance by a per- 
centage that is greater than the maximum allowable error of 
the standard, the DVM is definitely outside of its specifica- 
tion. 


c. If the DVM reading is in or out of tolerance by a per- 
centage that is less than the maximum allowable error of 
the standard, it is in one of the ambiguous regions (shaded 
areas) shown in Figure 4-1. The DVM may or may not be 
within its specification and the only way to tell for sure is 
to use a more accurate standard. 


4-24. As the accuracy specifications of the standard 
approach the specifications of the DVM to be tested, the 
ambiguous regions shown in Figure 4-1 become wider and 
the uncertainty contributions of the standard become 
increasingly significant. If the standard is less than three or 
four times more accurate than the DVM, the performance 
test is not practical because the ambiguous regions cover 
most of the DVM’s error range. From a practical stand- 
point, the dc standard should be at least five times more 
accurate than the 3455A specifications to be tested. If such 
a standard is not available, an alternative approach is to 
use a calibrated standard that is extremely stable and (pre- 
ferably) two to four times more accurate than the 3455A. 
When this is done, the correction factors given on the 
de standard’s calibration chart must be algebraically added 
to the 3455A test readings. Test validity depends on the 
calibration uncertainties and the short-term stability of 
the standard. 


4-25. The Reference Divider recommended in the follow- 
ing DC Voltmeter Accuracy Test is, according to its pub- 
lished specifications, accurate enough to test all but the 
1- volt and 10- volt full-scale 24-hour specifications. The 1- 
volt and 10- volt full-scale specifications can be tested using 
the DC Transfer Standard also recommended in the pro- 
cedure. 


4-26. OPERATIONAL VERIFICATION TESTS. 
4-27. DC OPERATIONAL ACCURACY TEST. 


4-28. The DC Transfer Standard required for the 
following test must be calibrated to a 1.017 V to 1.019 V 
standard cell that has been calibrated by the National 
Bureau of Standards (NBS). If the 3455A is to be tested 
for its 24-hour accuracy specifications, the Transfer 
Standard must be adjusted for optimum 1-volt and 
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10-volt output accuracy using NBS-calibrated stan- 
dards. It is recommended that the Transfer Standard be 
calibrated and adjusted just prior to use. After calibra- 
tion, it should be left on and, if possible, kept in a con- 
trolled environment where the ambient temperature is 
within one or two degrees of the temperature in which it 
was calibrated. The following procedure should be per- 
formed in that same environment. 


4-29. If the recommended DC Transfer Standard or its 
equivalent is not available, an NBS-calibrated standard 
cell (1.017 V to 1.019 V) can be substituted. If this is 
done, check the full-scale accuracy of the 3455A 1 V and 
10 V ranges using the Reference Divider recommended 
in the procedure. 


4-30. Test Procedure. 

Equipment Required: 
Reference Divider (Fluke Model 750A) 
DC Transfer Standard (Fluke Model 731A) 
DC Standard (Systron Donner Model M106A) 
DC Null Voltmeter (-hp- Model 419A) 


a. Set the 3455A controls as follows: 


FUNCTION) (3c picicnswos no gisciewsss DCV 
RANGE irccoreicisiaereiatenttorcrescenierevereoscrcts 1 Vv 
HIGH RESOLUTION) w. . cdecsuiecccs ON 
AUTO CAM oe corel eis sinie ote sida octets ON 
GUARD rireciein sole ere ebysters oh sratereielie cies ON 
TRIGGER acini foci. INTERNAL 


b. Set the DC Transfer Standard for an output of 1 
V. Connect the output of the transfer standard to the 
3455A INPUT. 


c. The 3455A reading should be within the test limits 
listed in Table 4-1, verifying its 1-volt full-scale accuracy 
with High Resolution on. 


d. Set the 3455A RANGE to 10 V. The 3455A 
reading should be within the test limits listed in Table 
4-3, verifying its 10-volt tenth scale accuracy with High 
Resolution on. 

e. Set the Transfer Standard for an output of 10 V. 
The 345SA reading should be within the test limits listed 
in Table 4-1 verifying its 10-volt full scale accuracy with 
High Resolution on. 

Table 4-1. DC Accuracy Test (1 V, 10 V Full Scale; High 
Resolution On). 


0.999966 to 1.000034 0.999936 to 1.000064 
9.99977 to 10.00023 9.99947 to 10.00053 


f. Set the 3455A HIGH RESOLUTION to OFF. The 
3455A reading should be within the test limits listed in 
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Figure 4-2. DC Accuracy Test. 


Table 4-2, verifying its 10-volt full scale accuracy with 
High Resolution off. 


g. Set the Transfer Standard for an output of 1 V and 
set the 3455SA RANGE to 1 V. Set the 3455A GUARD 
to OFF; connect the 3455A GUARD terminal to the 
High INPUT terminal. 


h. Reverse the 3455A INPUT connection to obtain a 
negative | V reading. Repeat steps c through f to verify 
the 1 V and 10 V full-scale accuracy for negative 
readings. 


i. Disconnect the Transfer Standard from the 3455A 
INPUT. Disconnect the GUARD terminal from the 
High INPUT terminal and set the GUARD to ON. 


j. Using short pieces of number 20 AWG (or thinner) 
insulated solid copper wire, connect the Transfer Stan- 
dard and DC Null Voltmeter to the Reference Divider as 
shown in Figure 4-6. 


k. Turn off the DC Standard’s output. Using 24’’ (or 
shorter) shielded cables equipped with banana-plug con- 
nectors, connect the DC Standard and the 3455A to the 
Reference Divider as shown in Figure 4-2. 


1. Set the Standard Cell Voltage controls on the 
Reference Divider to correspond to the calibrated 
standard-cell setting on the Transfer Standard. Set the 
Transfer Standard to output the calibrated standard-cell 
voltage. 


m. Zero the DC Null Voltmeter on its 3 microvolt 
range and then set it to the 300 microvolt range. 


n. Set the Reference Divider’s Input Voltage switch 


4-4 


to 1000 V and center its course and fine adjustment con- 
trols. 


Set the Reference Divider’s Output Voltage switch to 
1000 V. 


o. Set the 3455A controls as follows: 


BUNCTION e256 acs ccs eerste orate DCV 
RANGES once caeda cme ne clad tans 1 kV 
HIGH RESOLUTION s. «<:0< exces sus ON 
CS UAERID aise rere capers rene a arenieon mien suet ON 


The dc standard’s output should be turned 
on and the voltage adjusted by upranging or 
downranging the standard whenever the 
standard’s output needs to be changed. If a 
3455A input voltage greater than 100 V is 
needed, the following procedure should 
always be followed. 


p. Turn the dc standard’s output on and by the 
following method adjust the standard for an output of 
+ 1000.00 V: 

1. Set the dc standard’s first decade to ‘‘0’’. 

2. Uprange the dc standard to the 1000 V range. 

3. Increase the standard’s first decade so that 1000 
V is reached by increasing the voltage in 100 V 


increments. 


q. Set the Reference Divider’s Standard Cell switch 
to the Locked position. Adjust the dc standard’s output 
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voltage and vernier controls for a zero reading on 
null meter. 

r. Downrange the Null Meter and adjust the 
Reference Divider’s course and fine controls for a null is 
obtained on the 3 microvolt range. 


s. Set the Reference Divider’s Standard Cell switch to 
Open. Allow ten minutes for the Reference Divider to 
warm-up and stablize. 


t. Set the Reference Divider’s Standard Cell switch to 
Momentary and, if necessary, readjust the fine control 
for a null indication. Release the Standard Cell switch. 


u. The 3455A reading should be within the Test 
Limits given in Table 4-3. (1000 V, 1 kV range), verify- 
ing the full-scale accuracy at +1000 V with High 
Resolution on. 


NOTE 


AUTO-CAL may have to be turned off 
when making measurements on the 100 V 
and 1000 V ranges. This is only necessary 
when using a DC Standard sensitive to a 
changing load impedance. 


Table 4-2. DC Accuracy Test (High Resolution Off). 


24 Hour 
Test Limits 


90 Day 
Test Limits 


-099992 to 1.00008 
9.9997 to 10.0003 


.099989 to .100011 
9.9994 to 10.0006 


NOTE 


Each time the Reference Divider Output 
Voltage setting is changed, check for null 
and, if necessary, readjust the Reference 
Divider’s fine control to obtain a null indica- 


tion. 


Always downrange the Reference Divider 
before downranging the 3455A. When 
upranging, always uprange the 3455A before 
upranging the Reference Divider. 


Table 4-3. DC Accuracy Test (High Resolution On). 


90 Day 
Test Limits 


999.927 to 1000.073 
99.9927 to 100.0073 
4.99972 to 5.00028 
0.99992 to 1.00008 


24 Hour 
___Test Limits 


999.957 to 1000.043 
99.9957 to 100.0043 
4.99987 to 5.00013 
0.99995 to 1.00005 


*For positive readings only. Do not apply negative voltages greater 
than - 500 V de. 
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v. Set the Reference Divider’s Output Voltage and 
3455A RANGE to each setting (100 V and below) listed 
in Tables 4-2 and 4-3 with High Resolution on or off as 
indicated. At each setting, the 3455A reading should be 
within the Test Limits given in the table. (Be sure to 
maintain null when the Reference Divider’s output is 


changed.) 


In the following tests for negative readings, 
the input to the 3455A must not exceed -500 
V dc, due to the + 500 V guard to chassis 
limitation. 


w. Downrange the dc standard to 1 V output and 
turn off the dc standard’s output. Reverse the polarity 
of the 3455A INPUT connection to obtain negative 
readings. Turn the dc standard’s output back on. Verify 
the negative de accuracy for all settings 100 V and 
lower. Again, do not apply more than -500 V dc to the 
3455A INPUT. 


4-31. AC Operational Accuracy Test. 


4-32. The 3455A ac voltmeter accuracy can be verified 
for frequencies up to 100 kHz on all voltage ranges us- 
ing an AC Calibrator such as the -hp- Model 
745A/746A. To minimize measurement uncertainties 
for frequencies below 50 Hz and above 20 kHz, the AC 
Calibrator should be calibrated and its error measure- 
ment control should be used to adjust out the errors in- 
dicated on the calibration chart. For example, if the 
calibration chart indicates that the 745A output is 
0.04% high at 1 V, 50 kHz, set the 745A error measure- 
ment control to + 0.04% to obtain a precise 1 V output. 
The 745A/746A can be calibrated during a routine per- 
formance test using the procedures outlined in the 
745A/746A Operating and Service Manuals. Calibra- 
tion charts for these instruments are normally valid for 
at least 30 days. 


4-33. A Test Oscillator such as the -hp- Model 652A can 
be used to verify the ac voltmeter accuracy of the 3455A 
for frequencies above 100 kHz (specified for 1 V and 10 
V ranges only). The required accuracy can be obtained 
by adjusting the Test Oscillator output so that the 
3455A reading at 10 kHz is the same as the reading ob- 
tained with the highly accurate AC Calibrator. This 
reference level can then be maintained to within + 
0.25% over the 100 kHz to 1 MHz range using the 
expanded-scale meter on the Test Oscillator. If higher 
accuracy is desired, an ac-to-dc thermal transfer techni- 
que (Figure 4-3) can be used. 


4-34. Test Procedure. 
Equipment Required: 


AC Calibrator (-hp- Model 745A/746A) 
Test Oscillator (-hp- Model 652A) 
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PROCEDURE: 


Apply accurate dc voltage (1 V or 3 V) from DC Standard to 
Thermal Converter and adjust DC Differential Voltmeter for 
null. Disconnect the DC Standard and apply the Test Oscillator 
output to both the Thermal Converter and the 3455A. Adjust 
the Test Oscillator output level for a null indication on the DC 
Differential Voltmeter. This makes the rms value of the ac input 
to the 3455A equal to the highly accurate output of the DC 
Standard. Repeat this procedure each time the Test Oscillator 
frequency is changed. 


Figure 4-3. AC/DC Thermal Transfer Measurement (Alternate Frequency Response Test). 


a. Set the 3455A controls as follows: Calibrator, verify the 3455A ac voltmeter ac- 

curacy for each Test Frequency, Input Level 

BUINGTION asc cicero icicrs oioieters ACV and 3455A Range listed in Table 4-4. The 

RANGE Merete aera re ree: 1 V 3455A display readings should be within the 
GUARD aaacisoils nein cores seals ON Test Limits given in the table. 

INPUT SELECT cacccsicwcecweie FRONT 

2. 3455A Option 001: Using the AC Calibrator, 

b. Set the AC Calibrator for an output of 1 V, 30 Hz verify the 3455A ac voltmeter accuracy for each 

(745A 1 V range). Set the AC Calibrator’s error Test Frequency (ACV), Input Level and 3455A 

measurement control to offset the 1 V, 30 Hz error in- Range listed in Table 4-6. The 3455A display 

dicated on the calibration chart (745A 0.1 error range). readings should be within the Test Limits given 


in the table. 
c. Connect the output of the AC Calibrator to the 


3455A front panel INPUT. f. Set the 3455A FUNCTION to FAST ACV. 

d. 1. Standard Model 3455A: The 3455A 1 V, 30 Hz g. 1. Standard Model 3455A: Using the AC 
reading should be within the Test Limits listed Calibrator, verify the 3455A ac voltmeter ac- 
in Table 4-4. curacy (Fast ACV) for each Test Frequency 

above 10 kHz, each Input Level and 3455A 

2. 3455A Option 001: The 3455A 1 V, 30 Hz Range listed in Table 4-4. The 3455A display 

(ACV) reading should be within the Test Limits readings should be within the Test Limits given 
listed in Table 4-6. in the table. 

e. 1. Standard Model 3455A: Using the AC 2. 3455A Option 001: Using the AC Calibrator, 
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Table 4-4. AC Accuracy Test 30 Hz to 100 kHz (Standard Model 3455A only). 


Test 3455A 24 Hour** 
Frequency Range Test Limits 
1V 


30 Hz* 0.99920 to 1.00080 
0.99520 to 1.00480 
4.9940 to 5.0060 
4.9720 to 5.0280 
9.9920 to 10.0080 
9.9920 to 10.0080 
9.9520 to 10.0480 
99.920 to 100.080 
99.520 to 100.480 
998.00 to 1002.00 
998.00 to 1002.00 


90 Day** 
Test Limits 


0.99900 to 1.00100 
0.99400 to 1.00600 
4.9925 to 5.0075 
4.9650 to 5.0350 
9.9900 to 10.0100 
9.9900 to 10.0100 
9.9400 to 10.0600 
99.900 to 100.100 
99.400 to 100.600 
997.50 to 1002.50 
997.50 to 1002.50 


* Frequencies below 300 Hz apply to ACV Function only. 

**These test limits do not include the temperature coefficients that must be added if 
the instrument is operated outside of the temperature range over which the 24- 
hour or 90-day specifications apply (see Table 1-1). Derive 6-month test limits 
from AC Accuracy specifications listed in Table 1-1. 


verify the 3455A ac voltmeter accuracy for each 
Test Frequency (Fast ACV), Input Level and 
3455A Range listed in Table 4-6. The 3455A 
display readings should be within the Test 
Limits given in the table. 


h. Set the AC Calibrator for an output of 1 V, 10 
kHz. Set the 3455A FUNCTION to ACV and RANGE 
tol V. 

i. Record the 3455A reading:.. V. 


j. Set the 3455A FUNCTION to FAST ACV. Record 
the 3455A reading:.. V. 


k. Set the 3455A FUNCTION to ACV and RANGE 
to 10 V. Set the AC Calibrator for an output of 5 V, 10 
kHz. 

1. Record the 3455A reading:.. V. 


m. Set the 3455A FUNCTION to FAST ACV. 
Record the 3455A reading:.. V. 


n. Disconnect the AC Calibrator from the 3455A. Set 
the 3455A FUNCTION to ACV and RANGE to 1 V. 


o. Set the Test Oscillator for an output of 1 V, 10 
kHz. Connect the 50-ohm output of the Test Oscillator, 


1V 1V 
5V 10 V 


0.92400 to 1.07600 
4.4900 to 5.5100 


terminated in a 50 ohm load, to the 3455A front panel 
INPUT. 


p. Adjust the Test Oscillator level controls for a 
3455A reading as close as possible to the reading record- 
ed in Step i. Set the Test Oscillator’s meter switch to ex- 
panded scale and adjust the meter reference controls for 
a zero reading on the Test Oscillator’s meter. Use the 
Test Oscillator’s level controls to maintain this zero 
reading whenever the Test Oscillator frequency is 
varied. 


q. 1. Standard Model 3455A: Set the Test Oscillator 
to 1 MHz (maintain reference level on meter of 
Test Oscillator). The 3455A display reading 
should be within the Test Limits given in Table 
4-5. 


2. 3455A Option 001: Set the Test Oscillator fre- 
quency to 250 kHz (maintain reference level on 
meter of Test Oscillator). The 3455A display 
reading should be between 0.99240 V and 
1.00760 V (24-hour spec.) or between 0.99190 V 
and 1.00810 V (90-day spec.). 


r. Set the 3455A FUNCTION to FAST ACV. Set the 
Test Oscillator frequency to 10 kHz and adjust its out- 
put level for the 3455A reading recorded in step j. Ad- 
just the meter reference controls for’a zero reading on 


Table 4-5. AC Accuracy Tests 100 kHz to 1 MHz (Standard Model 3455A only). 


Test Input 3455A 
Frequency Level Range 


24 Hour* 
Test Limits 


90 Day* 
Test Limits 


0.90900 to 1.09100 
4.3900 to 5.6100 


5V 10 V 


4.7600 to 5.2400 


4.7000 to 5.3000 


*These test limits do not include the temperature coefficients that must be added if 
the instrument is operated outside of the temperature range over which the 24-hour 
or 90-day specifications apply (see Table 1-1). Derive 6-month test limits from AC 
Accuracy specifications listed in Table 1-1. 
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Table 4-6. AC Accuracy Test 30 Hz to 100 kHz (3455A Option 001 only). 


Frequency Frequency Input 3455A 24 Hour* 90 Day* 
(ACV) (FAST ACV) Level Range Test Limits Test Limits 


0.99430 to 1.00570 
0.99600 to 1.00400 
0.99190 to 1.00810 
4.9680 to 5.0320 

4.9925 to 5.0075 

4.9565 to 5.0435 

9.9430 to 10.0570 
9.9875 to 10.0125 
9.9875 to 10.0125 
99.430 to 100.570 
99.875 to 100.125 
994.30 to 1005.70 
998.65 to 1001.35 


0.99460 to 1.00540 
0.99630 to 1.00370 
0.99240 to 1.00760 
4.9695 to 5.0305 

4.9930 to 5.0070 

4.9590 to 5.0410 

9.9460 to 10.0540 
9.9885 to 10.0115 
9.9885 to 10.0115 
99.460 to 100.540 
99.885 to 100.115 
994.60 to 1005.40 
998.75 to 1001.25 


*These test limits do not include the temperature coefficients that must be added if the instru- 
ment is operated outside of the temperature range over which the 24-hour or 90-day specifi- 
cations apply (see Table 1-1). Derive 6-month test limits from AC Accuracy specifications 


listed in Table 1-1. 


the meter of the Test Oscillator and use control to main- 
tain this reading whenever the frequency is varied. 


s. Repeat step q. 


t. Set the 3455A FUNCTION to ACV and RANGE 
to 10 V. Remove the 50-ohm termination from the Test 
Oscillator’s output. Connect the 50-ohm output of the 
Test Oscillator (unterminated) to the 3455A front panel 
INPUT. Set the Test Oscillator frequency to 10 kHz and 
adjust its level controls for the 5 volt 3455A reading 
recorded in step 1. Adjust the meter reference controls 
for a zero reading on the meter of the Test Oscillator 
and use the level controls to maintain this reading 
whenever the frequency is varied. 


u. 1, Standard Model 3455A: Set the Test Oscillator 
to each of the last two Test Frequencies listed in 
Table 4-5 (maintain reference level on meter of 
Test Oscillator). At each frequency setting, the 
3455A reading should be within the Test Limits 
given in the table. 


2. 3455A Option 001. Set the Test Oscillator fre- 
quency to 250 kHz (maintain reference level on 
meter of Test Oscillator). The 3455A display 
reading should be between 4.9590 V and 5.0410 
V (24-hour spec.) or between 4.9565 V and 
5.0435 V (90-day spec.). 


v. Set the 3455A FUNCTION to FAST ACV. Set the 
Test Oscillator frequency to 10 kHz and adjust its level 
controls for the 5 V 3455A reading recorded in step m. 
Adjust the meter reference controls for a zero reading 
on the meter of the Test Oscillator and use the level con- 
trols to maintain this reading whenever the frequency is 
varied. 


w. Repeat step u. 
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Table 4-7. Two-Wire Ohm Accuracy Test. 


Test Limits 
(High Res. On) 
Decade 3455A ‘s 5 
Hoo Ka | 100 | 99.9971 to 100.0029 99.9955 to 100.0045 


*These test limits do not include the temperature coefficients 
that must be added if the instrument is operated outside of the 
temperature range over which the 24-hour or 90-day specifica- 
tions apply (see Table 1-1). Derive 6-month test limits from 
Ohms Accuracy specifications listed in Table 1-1. 


x. This completes the AC Voltmeter Accuracy Test. 
Disconnect the Test Oscillator from the 3455A. 


4-35. Ohmmeter Accuracy Test. 


4-36. This test requires a calibrated decade resistor with 
settings that range from 100 ohms to 10 megohms. The 
correction factors indicated on the decade resistor’s 
calibration chart must be algebraically added to the 
3455A display readings to achieve the required test ac- 
curacy. 


4-37. Test Procedure. 
Equipment Required: 


Decade Resistor (calibrated General Radio 
Model 1433Z) 


a. Set the 3455A controls as follows: 


BUNCTION civic ces ots 2 WIRE K OHM 
RANGE | fo eccaeink cece tine. vase ies 100 
HIGH RESOLUTION wn.c cack wicscens ON 
GUARD ere rerer tlio eretenct tel ON 


e 
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| i 
Test Limits 


(High Res. Off) 


Table 4-8. Four-Wire Ohms Accuracy Test. 


(B) 
Test Limits 
(High Res. On) 


Decade 
Resistor 


90 Day* 


24 Hour* 


0.099993 to 0.100007 


0.099990 to 0.100010 


0.999960 to 1.000040 
9.99935 to 10.00065 
99.9959 to 100.0041 
999.860 to 1000.140 
9989.95 to 10010.05 


0.999971 to 1.000029 
9.99951 to 10.00049 
99.9975 to 100.0025 
999.876 to 1000.124 
9989.96 to 10010.04 


*These test limits do not include the temperature coefficients that must be added if the instrument is operated outside of 
the temperature range over which the 24-hour or 90-day specifications apply (see Table 1-1). Derive 6-month test limits 


fromOhms Accuracy specifications listed in Table 1-1. 


b. Using a shielded cable equipped with banana-plug 
connectors, connect the Decade Resistor to the INPUT 
of the 3455A. Set the Decade Resistor to 100 K ohms. 


c. Algebraically add the Decade Resistor’s correction 
factor to the 3455A reading. The algebraic sum should 
be within the test Limits given in Table 4-7, verifying the 
3455A 2-wire ohms accuracy. 


d. Set the 3455A controls as follows: 


BUNCTION :acsece cs. 4 WIRE K OHM 
RANGE) cos sicicswe chsiais saavenien weiss 0.1 
HIGH RESOLUTION cic. < scence crear OFF 


e. Set the Decade Resistor to 100 ohms. Connect a 
shielded cable, equipped with banana-plug connectors, 
between the 3455A OHM SIGNAL output and the input 
of the Decade Resistor. (Leave the other cable con- 
nected between the 3455A INPUT and the input of the 
Decade Resistor). 


f. Algebraically add the Decade Resistor’s correction 
factor to the 3455A reading. The algebraic sum should 
be within the Test Limits given in Table 4-8 (A), verify- 
ing the 3455A 4-wire ohms accuracy with High Resolu- 
tion off. 


g. Set the 3455A RANGE to | and HIGH RESOLU- 
TION to ON. Set the Decade Resistor to 1,000 ohms. 


h. Algebraically add the Decade Resistor’s correction 
factor to the 3455A reading. The algebraic sum should 
be within the Test Limits given in Table 4-8(B), verify- 
ing the 3455A 4-wire ohms accuracy with High Resolu- 
tion on. 


i. Repeat Step h for each additional Decade Resistor 
setting and 3455A Range listed in Table 4-8 (B). 


4-38. DC VOLTMETER INPUT RESISTANCE TEST. 


Equipment Required: 


DC Standard Systron Donner Model M106A 
Resistor (1 MQ + 0.01% 1/4 W -hp- part 
number 0811-0202) 


a. Connect the low output of the DC Standard to the 
Low Input terminal of the 3455A. Using short clip leads 
insert the 1 megohm resistor in series between the DC 
Standard’s high output and the High INPUT terminal 
of the 3455A. Connect a clip lead across the resistor. 


b. Set the 3455A controls as follows: 


FUNCTION ease sie eetiuerst ia tere DCV 
RANGE. oi iio cc ciasesinssereinuceie cen eies 10 V 
HIGH RESOLUTION «cs cn cosencsste ON 
GUARD eine cas iieueniacesmane sale ON 


c. Adjust the DC Standard for a 3455A reading of 
+ 10.00000 V. 


d. Remove the clip lead from across the 1 megohm 
resistor. 


e. The 3455A reading should be between 9.99900 V 
and 10.00000 V, verifying that the input resistance is 
greater than 10!° ohms. 


f. Set the 3455A RANGE to 100 V; AUTO-CAL off. 
Reconnect the clip lead across the 1 megohm resistor. 


g. Adjust the DC Standard for a 3455A reading of 
+ 10.00000 V. 


h. Remove the clip lead from across the 1 megohm 
resistor. 


i. The 3455A reading should be between + 9.0900 V 
and + 9.0917 V, verifying that the input resistance is 10 
megohms + 0.1%. 


4-39 PERFORMANCE TEST. 


4-40. DC VOLTMETER ACCURACY TEST. 
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4-41. The DC Transfer Standard required for the 
following test must be calibrated to a 1.017 V to 1.019 V 
standard cell that has been calibrated by the National 
Bureau of Standards (NBS). If the 3455A is to be tested 
for its 24-hour accuracy specifications, the Transfer 
Standard must be adjusted for optimum 1-volt and 
10-volt output accuracy using NBS-calibrated stan- 
dards. It is recommended that the Transfer Standard be 
calibrated and adjusted just prior to use. After calibra- 
tion, it should be left on and, if possible, kept in a con- 
trolled environment where the ambient temperature is 
within one or two degrees of the temperature in which it 
was calibrated. The following procedure should be per- 
formed in that same environment. 


4-42. If the recommended DC Transfer Standard or its 
equivalent is not available, an NBS-calibrated standard 
cell (1.017 V to 1.019 V) can be substituted. If this is 
done, check the full-scale accuracy of the 3455A 1 V and 
10 V ranges using the Reference Divider recommended 
in the procedue. 


4-43. Test Procedure. 

Equipment Required: 
Reference Divider (Fluke Model 750A) 
DC Transfer Standard (Fluke Model 731A) 
DC Standard (Systron Donner Model M106A) 
DC Null Voltmeter (-hp- Model 419A) 


a. Set the 3455A controls as follows: 


FUNCTION fies casas c encore. DCV 
RANGE: cicccsiccgieeeaie necus anne se Ly. 
HIGH RESOLUTION icneeeen sau OFF 
AUT O'CALS cas isrws isaac ems wissen ON 
GUARD vauekenciacieees ene snees ON 
TRIGGER: 3 axecwstease caw « INTERNAL 


b. Set the DC Transfer Standard for an output of 1 
V. Connect the output of the transfer standard to the 
3455A INPUT. 


c. The 3455A reading should be within the test limits 
listed in Table 4-9, verifying its 1-volt full-scale accuracy 
with High Resolution off. 

Table 4-9. DC Accuracy Test (1 V, 10 V Full-Scale; High 
Resolution Off). 


90 Day 
Limits 


0.99993 to 1.00007 
9.9994 to 10.0006 


d. Set the 3455A HIGH RESOLUTION to ON. The 
3455A reading should be within the test limits listed in 
Table 4-10, verifying its 1-volt full scale accuracy with 
High Resolution on. 
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e. Set the 3455A RANGE to 10 V. Set the Transfer 
Standard for an output of 10 V. The 3455A reading 
should be within the test limits listed in Table 4-10, veri- 
fying its 10-volt full scale accuracy with High Resolu- 
tion on. 
Table 4-10. DC Acuracy Test (1 V, 10 V Full Scale; High 
Resolution On). 


24 Hour 90 Day 
Level Ra 
1V 1 V10.999966 to 1.000034]0.999936 to 1.000064 
10 V 10 V] 9.99977 to 10.00023] 9 99947 to 10.0005 3 


f. Set the 3455A HIGH RESOLUTION to OFF. The 
3455A reading should be within test limits listed in 
Table 4-9, verifying its 10-volt full scale accuracy with 
High Resolution off. 


g. Set the Transfer Standard for an output of 1 V and 
set the 3455A RANGE to 1 V. Set the 3455A GUARD 
to OFF; connect the 3455A GUARD terminal to the 
High INPUT terminal. 


h. Reverse the 3455A INPUT connection to obtain a 
negative 1 V reading. Repeat Steps c through f to verify 
the 1 V and 10 V full-scale accuracy for negative 
readings. 


i. Disconnect the Transfer Standard from the 3455A 
INPUT. Disconnect the GUARD terminal from the 
High INPUT terminal and set the GUARD to ON. 


j. Using short pieces of number 20 AWG (or thinner) 
insulated solid copper wire, connect the Transfer Stan- 
dard and DC Null Voltmeter to the Reference Divider as 
shown in Figure 4-4. 


k. Turn off the DC Standard’s output. Using 24”’ (or 
shorter) shielded cables equipped with banana-plug con- 
nectors, connect the DC Standard and the 3455A to the 
Reference Divider as shown in Figure 4-4. 


1. Set the Standard Cell Voltage controls on the 
Reference Divider to correspond to the calibrated 
standard-cell setting on the Transfer Standard. Set the 
Transfer Standard to output the calibrated standard-cell 
voltage. 


m. Zero the DC Null Voltmeter on its 3 microvolt 
range and then set it to the 300 microvolt range. 


n. Set the Reference Divider’s Input Voltage switch 
to 1000 V and center its course and fine adjustment con- 
trols. Set the Reference Divider’s Output Voltage switch 
to 1000 V. 


o. Set the 3455A controls as follows: 


Model 3455A 


DIGITAL _VOLTMETER 
hp 3455A 


woooo s Sid Fok) eS BLO 


a ae eo far te 
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DC STANDARD 
SYSTRON DONNER MODEL MIO6A 


REFERENCE DIVIDER 
FLUKE 750A 


DC NULL 
VOLTMETER 
np 419A 


DC TRANSFER 
STANDARD 
FLUKE 731A 


iS) 
| - 
3455-8-4737 


Figure 4-4. DC Accuracy Test. 


BUNGTION ae cresio seterccieverstete teistre DCV 
RANGE exer cierncros omer sioe coenls airoaets 1 kV 
HIGH RESOLUTION. o.isiec <ousie se OFF 
GUARD Girwsinen ocean tol snier sores aeons ON 


The dc standard’s output should be turned 
on and the voltage adjusted by upranging or 
downranging the standard whenever the 
standard’s output needs to be changed. If a 
3455A input voltage greater than 100 V is 
needed, the following procedure should 
always be followed. 


p. Turn the de standard’s output on and by the fol 
lowing method adjust the standard for an output of 
+ 1000.00 V: 


1. Set the dc standard’s first decade to ‘‘0’’. 
2. Uprange the de standard to the 1000 V range. 


3. Increase the standard’s first decade so that 1000 
V is reached by increasing the voltage in 100 V 
increments. 


q. Set the Reference Divider’s Standard Cell switch 
to the Locked position. Adjust the DC Standard’s out- 
put voltage and vernier controls for a zero reading on 
the null meter. 


r. Downrange the Null Meter and adjust the 
Reference Divider’s coarse and fine controls for a null 
indication. Repeat until a null is obtained on the 3 
microvolt range. 


s. Set the Reference Divider’s Standard Cell switch to 
Open. Allow ten minutes for the Reference Divider to 
warmup and stabilize. 


Table 4-11. DC Accuracy Test (High Resolution Off). 


Divider | 3455A 24 Hour 90 Day 
Output | Range Test Limits Test Limits 


1000 V*}1000 V} 999.95 to 1000.05 
1000 V} 499.97 to 500.03 
100 V] 99.995 to 100.005 
0.1 V].099992 to 1.00008 |.099989 to .100011 


*For positive readings only. Do not apply negative voltages 
greater than -500 V dc. 


Table 4-12. DC Accuracy Test (High Resolution On). 


Divider 3455A 
Output Range 


999.92 to 1000.08 
499.96 to 500.04 
99.992 to 100.008 


24 Hour 90 Day 
Test Limits Test Limits 


999.957 to 1000.043 
499.977 to 500.023 
99.993 to 100.007 


999.927 to 1000.073 
499.962 to 500.038 
99.990 to 100,010 
99.9927 to 100.0073 
49.9962 to 50.0038 
9.9990 to 10.0010 
4.99972 to 5.00028 
0.99992 to 1.00008 


99.9957 to 100.0043 
49.9977 to 50.0023 
9.9993 to 10.0007 
4.99987 to 5.00013 
0.99995 to 1.00005 
0.499981 to 0.500019 | 0.499966 to 0.500034 
0.099993 to 0.100007 | 0.099990 to 0.100010 


*For positive readings only. Do not apply negative voltages 
greater than -500 V dc. 


t. Set the Reference Divider’s Standard Cell switch to 
Momentary and, if necessary, readjust the fine control 
for a null indication. Release the Standard Cell switch. 

NOTE 


AUTO-CAL may have to be turned off 
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when making measurements on the 100 V 
and 1000 V ranges. This is only necessary 
when using a DC Standard sensitive to a 
changing load impedance. 


u. The 3455A reading should be within the Test 
Limits given in Table 4-11 (1000 V, 1 kV range), verify- 
ing the full-scale accuracy at +1000 V with High 
Resolution off. 


v. With the 3455A on the | kV range, set the HIGH 
RESOLUTION to ON. 


w. The 3455A reading should be within the Test 
Limits given in Table 4-12 (1000 V, 1 kV range), verify- 
ing the full scale accuracy at +1000 V with High 
Resolution on. 


NOTE 


Each time the Reference Divider Output 
Voltage setting is changed, check for null 
and, if necessary, readjust the Reference 
Divider’s fine control to obtain a null indica- 


tion. 


Always downrange the Reference Divider 
before downranging the 3455A. When 
upranging, always uprange the 3455A before 
upranging the Reference Divider. 


x. Set the DC Standard for an output of + 500 V. 


y. Set the Reference Dividers Input Voltage switch to 
500 V and center the course and fine adjustment con- 
trols. Set the Reference Dividers Output Voltage switch 
to 500 V. 


z. Adjust the DC Standard and Reference divider as 
outlined in Steps q through t. 


aa. Set the Reference Divider’s Output Voltage and 
3455A RANGE to each setting (500 V and below) listed 
in Table 4-12. At each setting, the 3455A reading should 
be within the Test Limits given in the table. (Be sure to 
maintain null when the Reference Divider’s output is 
changed.) 


bb. Set the 3455A RANGE to 1 kV and set HIGH 
RESOLUTION to OFF. 


cc. Set the Reference Divider’s Output Voltage and 
3455A RANGE to each setting (500 V and below) listed 
in Table 4-11. At each setting, the 3455A reading should 
be within the Test Limits given in the table. (Be sure to 
maintain null when the Reference Dividers output is 
changed.) 
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In the following tests for negative readings, 
the input to the 3455A must not exceed -500 
V dc due to the + 500 V guard to chassis 
limitation. 


dd. Downrange the dc standard to 1 V output and 
turn off the dc standard’s output. Reverse the polarity 
of the 3455A INPUT connection to obtain negative 
readings. 


ee. Set the 3455A RANGE to 1 kV and HIGH 
RESOLUTION to ON. Set the Reference Divider Out- 
put Voltage switch to 500 V, turn the dc standard’s out- 
put back on, and uprange to 500 V. 


ff. Repeat Steps aa through cc to verify the negative 
dc accuracy for all settings 500 V and lower. Again, do 
not apply more than -500 V dc to the 3455A INPUT. 


4-44. AC Voltmeter Accuracy Test. 


4-45. The 3455A ac voltmeter accuracy can be verified 
for frequencies up to 100 kHz on all voltage ranges us- 
ing an AC Calibrator such as the -hp- Model 
745A/746A. To minimize measurement uncertainties 
for frequencies below 50 Hz and above 20 kHz, the AC 
Calibrator should be calibrated and its error measure- 
ment control should be used to adjust out the errors in- 
dicated on the calibration chart. For example, if the 
calibration chart indicates that the 745A output is 
0.04% high at 1 V, 50 kHz, set the 745A error measure- 
ment control to + 0.04% to obtain a precise 1 V output. 
The 745A/746A can be calibrated during a routine per- 
formance test using the procedures outlined in the 
745A/746A Operating and Service Manuals. Calibra- 
tion charts for these instruments are normally valid for 
at least 30 days. 


4-46. A Test Oscillator such as the -hp- Model 652A can 
be used to verify the ac voltmeter accuracy of the 3455A 
for frequencies above 100 kHz (specified for 1 V and 10 
V ranges only). The required accuracy can be obtained 
by adjusting the Test Oscillator output so that the 
3455A reading at 10 kHz is the same as the reading ob- 
tained with the highly accurate AC Calibrator. This 
reference level can then be maintained to within + 
0.25% over the 100 kHz to 1 MHz range using the 
expanded-scale meter on the Test Oscillator. If higher 
accuracy is desired, an ac-to-dc thermal transfer techni- 
que (Figure 4-5) can be used. 


4-47. Test Procedure. 
Equipment Required: 


AC Calibrator (-hp- Model 745A/746A) 
Test Oscillator (-hp- Model 652A) 
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TEST OSCILLATOR DIGITAL _VOLTMETER 
hp 3455A 


3 0 0.6 0.3 JA dg 594 S10 


== pe Eee ie Ne oe Se 


2 oe ah a eh a a 


Ay IV or 3V (509) 
DC STANDARD 2 (tof = THERMAL CONVERTER*™ 


SYSTRON DONNER MODEL MIO6A | 


Ae. ed 


n°: 


IKE 
DEL 885AB DC 
DIFFERENTIAL VOLTMETER 


*hp MODEL IIO5IA or 
110504 (3V) or 
equivalent 


3455-B-4736 
PROCEDURE: 


Apply accurate dc voltage (1 V or 3 V) from DC Standard to 
Thermal Converter and adjust DC Differential Voltmeter for 
null. Disconnect the DC Standard and apply the Test Oscillator 
output to both the Thermal Converter and the 3455A. Adjust 
the Test Oscillator output level for a null indication on the DC 
Differential Voltmeter. This makes the rms value of the ac input 
to the 3455A equal to the highly accurate output of the DC 
Standard. Repeat this procedure each time the Test Oscillator 
frequency is changed. 


Figure 4-5. AC/DC Thermal Transfer Measurement (Alternate Frequency Response Test). 


a. Set the 3455A controls as follows: e. 1. Standard Model 3455A: Using the AC 

Calibrator, verify the 3455A ac voltmeter ac- 

BRUINCTION yy acuiecurnnce cos ACV curacy for each Test Frequency, Input Level 

RANGE ies ee Sanit cie sioe 1V and 3455A Range listed in Table 4-13. The 

GUARD isiee seas bee wee anes ON 3455A display readings should be within the 
INPUT SELECT vic occu wosnwnine FRONT Test Limits given in the table. 

b. Set the AC Calibrator for an output of 1 V, 30 Hz 2. 3455A Option 001: Using the AC Calibrator, 
(745A 1 V range). Set the AC Calibrator’s error verify the 3455A ac voltmeter accuracy for each 
measurement control to offset the 1 V, 30 Hz error in- Test Frequency (ACV), Input Level and 3455A 
dicated on the calibration chart (745A 0.1 error range). Range listed in Table 4-15. The 3455A display 

readings should be within the Test Limits given 

c. Connect the output of the AC Calibrator to the in the table. 


3455A front panel INPUT. 


f. Set the 3455A FUNCTION to FAST ACV. 
d. 1. Standard Model 3455A: The 3455A 1 V, 30 Hz 


reading should be within the Test Limits listed g. 1. Standard Model 3455A: Using the AC 

in Table 4-13. Calibrator, verify the 3455A ac voltmeter ac- 

@ curacy (Fast ACV) for each Test Frequency 
2. 3455A Option 001: The 3455A 1 V, 30 Hz above 100 Hz, each Input Level and 3455A 

(ACV) reading should be within the Test Limits Range listed in Table 4-13. The 3455A display 

listed in Table 4-15. readings should be within the Test Limits given 
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Table 4-13. AC Accuracy Test 30 Hz to 100 kHz (Standard Model 3455A only). 


Test Input 3455A 90 Day** 
Frequency Level Range Test Limits 


30 Hz* 0.99900 to 1.00100 
300 Hz 
10 kHz 
20 kHz 
50 kHz 
100 kHz 
30 Hz* 
300 Hz 
20 kHz 
100 kHz 
30 Hz* 
50 Hz* 
100 Hz* 
500 Hz 
1 kHz 

5 kHz 
10 kHz 
20 kHz 
50 kHz 
100 kHz 
30 Hz* 
300 Hz 
10 kHz 
20 kHz 
100 kHz 
30 Hz* 
300 Hz 
10 kHz 


24 Hour** 
Test Limits 


0.99920 to 1.00080 


0.99520 to 1.00480 | 0.99400 to 1.00600 


4.9925 to 5.0075 


4.9940 to 5.0060 


4.9720 to 5.0280 
9.9920 to 10.0080 


4.9650 to 5.0350 
9.9900 to 10.0100 


9.9520 to 10.0480 


99.920 to 100.080 


99.520 to 100.480 
998.00 to 1002.00 


9.9400 to 10.0600 


99.900 to 100.100 


99.400 to 100.600 
997.50 to 1002.50 


*Frequencies below 300 Hz apply to ACV Function only. 
**These test limits do not include the temperature coefficients that must be added 
if the instrument is operated outside of the temperature range over which the 
24-hour or 90-day specifications apply (see Table 1-1). Derive 6-month test 


Model 3455A 


limits from AC Accuracy specifications listed in Table 1-1. 


in the table. 


2. 3455A Option 001: Using the AC Calibrator, 
verify the 3455A ac voltmeter accuracy for each 
Test Frequency (Fast ACV), Input Level and 
3455A Range listed in Table 4-15. The 3455A 
display readings should be within the Test 
Limits given in the table. 


h. Set the AC Calibrator for an output of 1 V, 10 
khz. Set the 3455A FUNCTION to ACV and RANGE 
tol V. 


i. Record the 3455A reading; V. 


j. Set the 3455A FUNCTION to FAST ACV. Record 
the 3455A reading: _____—i'V~«. 


k. Set the 3455A FUNCTION to ACV and RANGE 
to 10 V. Set the AC Calibrator for an output of 6 V, 10 
kHz. 


1 .Record the 3455A reading: Vi 


m. Set the 3455A FUNCTION to FAST ACV. 
Record the 3455A reading: V. 


n. Disconnect the AC Calibrator from the 3455A. Set 
the 3455A FUNCTION to ACV and RANGE to 1 V. 
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o. Set the Test Oscillator for an output of 1 V, 10 
kHz. Connect the 50-ohm output of the Test Oscillator, 
terminated in a 50-ohm load, to the 3455A front panel 
INPUT. 


p. Adjust the Test Oscillator level controls for a 3455A 
reading as close as possible to the reading recorded in 
Step i. Set the Test Oscillator’s meter switch to expand- 
ed scale and adjust the meter reference controls for a 
zero reading on the Test Oscillator’s meter. Use the Test 
Oscillator’s level controls to maintain this zero reading 
whenever the Test Oscillator frequency is varied. 


q. 1. Standard Model 3455A: Set the Test Oscillator 
to each of the first four Test Frequencies listed 
in Table 4-14 (maintain reference level on meter 
of Test Oscillator). At each frequency setting, 
the 3455A display reading should be within the 
Test Limits given in the table. 


2. 3455A Option 001: Set the Test Oscillator fre- 
quency to 250 kHz (maintain reference level on 
meter of Test Oscillator). The 3455A display 
reading should be between 0.99240 V and 
1.00760V (24-hour spec.) or between 0.99190 V 
and 1.00810 V (90-day spec.). 


r. Set the 3455A FUNCTION to FAST ACV. Set the 
Test Oscillator frequency to 10 kHz and adjust its out- 


é 


Section IV 


Model 3455A 


Table 4-14. AC Accuracy Test 100 kHz to 1 MHz (Standard Model 3455A only). 


Test 
Frequency 


110 kHz 
250 kHz 
500 kHz 
1 MHz 


110 kHz 
250 kHz 
500 kHz 
1 MHz 


Input 3455A 
Level Range 


24 Hour* 
Test Limits 


0.98000 to 1.02000 


0.95600 to 1.04400 
0.92400 to 1.07600 


5.8720 to 6.1280 


5.7200 to 6.2800 
5.5500 to 6.4500 


90 Day* 
Test Limits 


0.97750 to 1.02250 


0.94500 to 1.05500 
0.92000 to 1.08000 
5.8550 to 6.1450 


5.6500 to 6.3500 
5.4400 to 6.5600 


*These test limits do not include the temperature coefficients that must be 
added if the instrument is operated outside of the temperature range over 
which the 24-hour or 90-day specifications apply (see Table 1-1). Derive 
6-month test limits from AC Accuracy specifications listed in Table 


ale 

put level for the 3455A reading recorded in Step j. Ad- 
just meter reference controls for a zero reading on the 
meter of the Test Oscillator and use the level control to 
maintain this reading whenever the frequency is varied. 


s. Repeat Step q. 


t. Set the 3455A FUNCTION to ACV and RANGE 
to 10 V. Remove the 50-ohm termination from the Test 
Oscillator’s output. Connect the 50-ohm output of the 
Test Oscillator (unterminated) to the 3455A front panel 
INPUT. Set the Test Oscillator frequency to 10 kHz and 


adjust its level controls for the 6 V 3455A reading 
recorded in Step 1. Adjust the meter reference controls 
for a zero reading on the meter of the Test Oscillator 
and use the level controls to maintain this reading 
whenever the frequency is varied. 


u. 1. Standard Model 3455A: Set the Test Oscillator 
to each of the second four Test Frequencies 
listed in Table 4-6 (maintain reference level on 
meter of Test Oscillator). At each. frequency 
setting, the 3455A reading should be within the 
Test Limits given in the table. 


Table 4-15. AC Accuracy Test 30 Hz to 100 kHz (3455A Option 001 only). 


Frequency Frequency Input 3455A 
(ACV) (FAST ACV) | Level Range 


<<< << << 
=. <= = 


*These test limits do not include the temperature coefficients that must be added if the instrument 


SSS550050550500 
ceceeennce< ce 


24 Hour* 
Test Limits 


90 Day* 
Test Limits 


0.99460 to 1.00540 | 0.99436 to 1.00570 


0.99630 to 1.00370 
0.99885 to 1.00115 


4.9695 to 5.0305 
4.9790 to 5.0210 
4.9930 to 5.0070 


9.9460 to 10.0540 
9.9630 to 10.0370 
9.9885 to 10.0115 


99.460 to 100.540 
99.630 to 100.370 
99.885 to 100.115 


994.60 to 1005.40 
996.30 to 1003.70 
998.85 to 1001.15 
998.75 to 1001.25 


0.99600 to 1.00400 
0.99875 to 1.00125 


4.9680 to 5.0320 
4.9775 to 5.0225 
4.9925 to 5.0075 


9.9430 to 10.0570 
9.9600 to 10.0400 
9.9875 to 10.0125 


99.430 to 100.570 
99.600 to 100.400 
99.875 to 100.125 


994.30 to 1005.70 
996.00 to 1004.00 
998.75 to 1001.25 
998.65 to 1001.35 


is operated outside of the temperature range over which the 24-hour or 90-day specifications 
apply (see Table 1-1). Derive 6-month test limits from Accuracy Specifications listed in 


Table 1-1. 
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Table 4-16. Two-Wire Ohm Accuracy Test. 


(A) 
Test Limits 
(High Res. Off) 
Decade 3455A 
Resistor Range 24 Hour* 
0.1 


* 0.099593 to 0.100407 
0.99956 to 1.00044 
9.9989 to 10.0011 
99.996 to 100.004 
999.83 to 1000.17 
9989.5 to 10010.5 


90 Day* 


0.099590 to 0.100410 
0.99954 to 1.00046 
9.9987 to 10.0013 
99.994 to 100.006 
999.81 to 1000.19 
9989.5 to 10010.5 


(B) 
Test Limits 
(High Res. On) 


0.999571 to 1.000429 
9.99911 to 10.00089 
99.9971 to 100.0029 
999.876 to 1000.124 
9989 .96 to 10010.04 


0.999560 to 1.000440 
9.99895 to 10.00105 
99.9955 to 100.0045 
999.860 to 1000.140 
9989.95 to 10010.05 


*These test limits do not include the temperature coefficients that must be added if the instrument is operated 
outside of the temperature range over which the 24-hour or 90-day specifications apply (see Table 1-1). Derive 
6-month test limits from Ohms Accuracy specifications listed in Table 1-1. 


2. 3455A Option 001. Set the Test Oscillator fre- 
quency to 250 kHz (maintain reference level on 
meter of Test Oscillator). The 3455A display 
reading should be between 5.9520 V and 6.0480 
V (24-hour spec.) or between 5.9490 V and 
6.0510 V (90-day spec.). 


v. Set the 3455A FUNCTION to FAST ACV. Set the 
Test Oscillator frequency to 10 kHz and adjust its level 
controls for the 6 V 3455A reading recorded in Step m. 
Adjust the meter reference controls for a zero reading 
on the meter of the Test Oscillator and use the level con- 
trols to maintain this reading whenever the frequency is 
varied. 


w. Repeat Step u. 


x. This completes the AC Voltmeter Accuracy test. 
Disconnect the Test Oscillator from the 3455A. 


4-48. Ohmmeter Accuracy Test. 


4-49. This test requires a calibrated decade resistor with 
settings that range from 100 ohms to 10 megohms. The 
correction factors indicated on the decade resistor’s 
calibration chart must be algebraically added to the 
3455A display readings to achieve the required test ac- 
curacy. 


4-50. Test Procedure. 
Equipment Required: 
Decade Resistor (calibrated General Radio 
Model 1433Z) 
DC Voltmeter (-hp- Model 419A) 


a. Set the 3455A controls as follows: 


FUNCTION sac5 cise 2 WIRE K OHM 
RANGE Soi ains rarsietars mi avataparaeromarr iors ater 0.1 
HIGH. RESOLUTION 2.0.0.4 c5 0200 OFF 
GUARD! 4 oc cisc ss tae otesinsie tee bes ON 


b. Using a shielded cable equipped with banana-plug 
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connectors, connect the Decade Resistor to the INPUT 
of the 3455A. Set the Decade Resistor to 100 ohms. 


c. Algebraically add the Decade Resistor’s correction 
factor to the 3455A reading. The algebraic sum should 
be within the Test Limits given in Table 4-16(A), verify- 
ing the 3455A 2-wire ohms accuracy with High Resolu- 
tion off. 


d. Repeat Step c for each Decade Resistor setting and 
3455A Range listed in Table 4-16. 


e. Set the 3455A RANGE to 1 and HIGH RESOLU- 
TION to ON. Set the Decade Resistor to 1,000 ohms. 


f. Algebraically add the Decade Resistor’s correction 
factor to the 3455A reading. The algebraic sum should 
be within the Test Limits given in Table 4-16(B), verify 
the 3455A 2-wire ohms accuracy with High Resolution 
on. 


g. Repeat Step f for each additional Decade Resistor 
setting and 3455A Range listed in Table 4-16(A). 


h. Set the 3455A controls as follows: 


BUNCTION iene vee 4 WIRE K OHM 
RANGE © 5 ceccic oles cise casei eisie wat aeie tiie 0.1 
HIGH RESOLUTION 5...c06 e080 «c OFF 


i. Set the Decade Resistor to 100 ohms. Connect a 
shielded cable, equipped with banana-plug connectors, 
between the 3455A OHM SIGNAL output and the input 
of the Decade Resistor. (Leave the other cable con- 
nected between the 3455A INPUT and the input of the 
Decade Resistor.) 


j. Algebraically add the Decade Resistor’s correction 
factor to the 3455A reading. The algebraic sum should 
be within the Test Limits given in Table 4-17(A), verify- 
ing the 3455A 4-wire ohms accuracy with High Reslu- 
tion off. 


k. Repeat Step j for each Decade Resistor setting and 
345S5A Range listed in Table 4-17(A). 
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6 Table 4-17. Four-Wire Ohms Accuracy Test. 


(A) (B) 
Test Limits Test Limits 
(High Res. Off) (High Res. On) 
Decade 3455A 
Resistor Range 24 Hour * 
0.1 


0.099993 to 0.100007 
0.99996 to 1.00004 
9.9993 to 10.0007 
99.996 to 100.004 
999 83 to 1000.17 
9989.5 to 10010.5 


90 Day* 


0.099990 to 0.100010 
0.99994 to 1.00006 
9.9991 to 10.0009 
99.994 to 100.006 
999.81 to 1000.19 
9989.5 to 10010.5 


0.999971 to 1.000029 
9.99951 to 10.00049 
99.9975 to 100.0025 
999.276 to 1000.124 
9989.96 to 10010.04 


0.999960 to 1.000040 
9.99935 to 10.00065 
99.9959 to 100.0041 
999 860 to 1000.140 
9989.95 to 10010.05 


*These test limits do not include the temperature coefficients that must be added if the instrument is operated 
outside of the temperature range over which the 24-hour or 90-day specifications apply (see Table 1-1). Derive 
6-month test limits from Ohms Accuracy specifications listed in Table 1-1. 


1. Set the 3455A RANGE to 1 and HIGH RESOLU- 
TION to ON. Set the Decade Resistor to 1,000 ohms. 


m. Algebraically add the Decade Resistor’s correc- 
tion factor to the 3455A reading. The algebraic sum 
should be within the Test Limits given in Table 4-17(B), 
verifying the 3455A 4-wire ohms accuracy with High 
Resolution on. 


n. Repeat Step | for each additional Decade Resistor 
setting and 3455A Range listed in Table 4-17(B). 


o. Set the 3455A RANGE to 10 K. Set the Decade 
Resistor to 14.99 K. 


p. Using the DC Voltmeter, measure the voltage 
across the Decade Resistor terminals. The voltage 
should be less than 4.7 V dc, verifying the maximum 
output voltage specification for a valid ohms reading. 


q. Disconnect the Decade Resistor. (Leave the 3455A 
OHMS SIGNAL output connected to the INPUT). 


r. Measure the voltage across the 3455A INPUT ter- 
minals. The voltage should be less than 5 V dc, verifying 
the maximum output voltage specification for an open- 
circuit condition. 


4-51. COMMON-MODE AND NORMAL-MODE REJECTION TEST. 


4-52. Effective common-mode rejection is the ratio of 
the peak common-mode voltage to the resultant peak er- 
ror in the reading, with a 1 kilohm imbalance in the Low 
input lead. The formula for calculating effective 
common-mode rejection (ECMR) is: 


ECMR = 20log Peak Common-Mode Voltage 
Effective on Reading (Volts) 


4-53. Normal-mode rejection is the ratio of the peak ac 
normal-mode voltage to the peak error it introduces ina 
dc voltmeter reading. The formula for calculating 
normal-mode rejection (NMR) is: 


NMR = 20log Peak AC Superimposed Voltage 
Effect on Reading (Volts) 


4-54. Test Procedure. 
Equipment Required: 


DC Standard (Systron Donner Model M106A) 

AC Calibrator (-hp- Model 745A) 

Frequency Counter (-hp- Model 5300A) 

Resistor (1 kQ + 10% 1/4 W -hp- Part 
Number 0684-1021) 

Resistor (10 kQ + 10% 1/4 W -hp- Part 
Number 0684-1031) 


a. Connect the 1 K resistor between the 3455A High 
and Low INPUT terminals. Connect the GUARD ter- 
minal to the High INPUT terminal. 


b. Set the 3455A controls as follows: 


FUNCTION eiiese ers clei siacyeie's eres DCV 
RANGE icc saeiu sarees secinwes 1 V 
HIGH RESOLUTION fn. occ reese’: ON 
GUARD Ws iccesntrcuiinc onan ioe cir OFF 


c. Record the 3455A reading: 


d. Connect the DC Standard (output off) between 
the High INPUT terminal and the chassis of the 3455A 
as shown in Figure 4-6. 


e. Set the DC Standard for an output of + 500 V dc. 


f. The 3455A reading should be within 0.000050 V of 
the reading recorded in Step c, verifying that the dc 
common-mode rejection is greater than 140 dB. 


g. This completes the dc common-mode Rejection 
test. Turn off the DC Standard output and disconnect 
the DC Standard from the 3455A. Disconnect the 1 K 
resistor and connect the 10 K resistor across the 3455A 
INPUT terminals (leave GUARD connected to High). 
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DIGITAL VOLTMETER 
hp 34554 


CONNECTED TO 
CHASSIS GROUND 
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Figure 4-6. DC Common-Mode Rejection Test. 


h. Set the AC Calibrator for an output of 1 V. Con- 
nect the Frequency Counter to the output of the AC 
Calibrator and adjust the AC Calibrator’s frequency to 
50 Hz or 60 Hz + 0.1%, corresponding to the power- 
line frequency being used. 


i. Record the 3455A reading: V. 


j. Disconnect the Frequency Counter and connect the 
AC Calibrator between the High INPUT terminal and 
chassis of the 3455A as shown in Figure 4-7. 


k. Without disturbing the frequency setting, set the 
AC Calibrator for an output of 70.7 V (100 V peak). 


]. The 3455A reading should be within 0.000010 V of 
the reading recorded in Step i, verifying that the 50 Hz 
or 60 Hz ac common-mode rejection is greater than 160 
dB. 


m. Without disturbing the frequency setting set the 
AC Calibrator for an output of 7.07 V (10 V peak). 
Disconnect the AC Calibrator from the 3455A. 


n. Remove the 10 K resistor from the 3455A INPUT 
terminals. Connect a short jumper between the 3455A 


AC CALIBRATOR 
hp 745A 


COUNTER 
hp 5300 


ELECTRONIC 


= : 


High and Low INPUT terminals. 


o. Set the 3455A RANGE to 10 V and record the 
display reading: Ve. 


p. Remove the jumper from the 3455A INPUT ter- 
minals. Connect the AC Calibrator output to the 3455A 
INPUT. 


q. The 3455A reading should be within 00.0100 V of 
the reading recorded in Step o, verifying that the 50 Hz 
or 60 Hz normal-mode rejection is greater than 60 dB. 


r. This completes the Common-Mode and Normal- 
Mode Rejection Tests. Disconnect the AC Calibrator 
from the 3455A and disconnect the GUARD from the 
High INPUT terminal. 


4-55. DC VOLTMETER INPUT RESISTANCE TEST. 
Equipment Required: 
DC Standard (Systron Donner Model M106A) 


Resistor (1 MQ + 0.01% 1/4 W -hp- Part 
Number 0811-0202) 


DIGITAL VOLTMETER 
hp 3455A 


CONNECTED TO 
CHASSIS GROUND 


OR OONO ye 9 ohh, ae Be Sl arr0 eS 
pe fia Oe i ae fae J ' 


fe) 
g33 dod ga ose) 


3455-B- 4734 


Figure 4-7. AC Common-Mode Rejection Test. 


4-18 


Model 3455A 


a. Connect the low output of the DC Standard to the 
Low INPUT terminal of the 3455A. Using short clip 
leads, insert the 1 megohm resistor in series between the 
DC Standard’s high output and the High INPUT ter- 
minal of the 3455A. Connect a clip lead across the 
resistor. 


b. Set the 3455A controls as follows: 


BUNCTION) savncciesnisenwscinense DCV 
RANGE ance i rctpnetetert mente tne rnet 10 V 
HIGH RESOLUTION). os.8cac 500364 ON 
C1624 AD eee mp aoe onda bodommccoce ON 


c. Adjust the DC Standard for a 3455A reading of 
+ 10.00000 V. 


d. Remove the clip lead from across the 1 megohm 
resistor. 


e. The 3455A reading should be between 9.99900 V 
and 10.00000 V, verifying that the input resistance is 
greater than 1010 ohms. 


f. Set the 3455A RANGE to 100 V; Auto-Cal OFF. 
Reconnect the clip lead across the 1 megohm resistor. 


g. Adjust the DC Standard for a 3455A reading of 
+ 10.0000 V. 


h. Remove the clip lead from across the 1 megohm 
resistor. 


i. The 3455A reading should be between + 9.0900 V 
and + 9.0917 V, verifying that the input resistance is 10 
megohms + 0.1%. 


4-56. AC VOLTMETER INPUT IMPEDANCE TEST. 
Equipment Required: 


Test Oscillator (-hp- Model 652A) 

Resistor (1 MQ + 0.1% -hp- Part Number 
0698-6369) 

Resistor (100 kQ 0.1% -hp- Part Number 
0811-1997) 


a. Set the 3455A controls as follows: 


Section IV 
PUINCRION® ech ae ee ACV 
RANGES ee eee lv 
GUARD 252 ce cha Ao ee oe ON 
INPUT SELECT (rear panel) .... FRONT 
ANIMOz€ Aenea ee nies ON 


b. Connect the Test Oscillator 50-ohm output (ter- 
minated in 50-ohm load) to the 3455A front panel IN- 
PURE. 


c. Set the Test Oscillator frequency to SO Hz and ad- 
just its output level for a 3455A reading of 1.00000 V. 


d. Using short clip leads, insert the 1 megohm 
resistor in series between the terminated Test Oscillator 
output and the High INPUT terminal of the 3455A. 


e. The 3455A reading should be between 0.66443 V 
and 0.66887 V, verifying that the input resistance is 2 
megohms + 1%. 


f. Disconnect the resistor and reconnect the Test 
Oscillator output to the 3455A INPUT. 


g. Set the Test Oscillator frequency to 20 kHz and 
adjust its output level for a 3455A reading of 1.00000 V. 


h. Using short clip leads, insert the 100 kilohm 
resistor in series between the terminated Test Oscillator 
output and the High INPUT terminal of the 3455A. 


i. The 3455A reading should be greater than 
0.61017 V, verifying that the input shunt capacitance is 
less than 100 pF. 


j. Set the rear panel INPUT SELECT switch to 
REAR. Connect the Test Osciliator 50-ohm output (ter- 
minated in 50-ohm load) to the 3455A rear-panel IN- 
PUT. 


k. Repeat Steps c through i to test the input im- 
pedance at the rear INPUT terminals. In Step i, the 
3455A reading should be greater than 0.70822 V verify- 
ing that the rear terminal input shunt capacitance is less 
than 75 pF. 
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SECTION V 
ADJUSTMENTS 


5-1. INTRODUCTION. 


5-2. This section contains complete adjustment procedures 
for the Model 3455A Digital Voltmeter. After the instru- 
ment is adjusted according to the procedures given in this 
section, it should meet the 24-hour accuracy specifications 
listed in Table 1-1. 


5-3. EQUIPMENT REQUIRED. 


5-4. The test equipment required for the adjustments is 
listed at the beginning of each adjustment procedure and 
in the Recommended Test Equipment table in Section I. 
If the recommended equipment is not available, use sub- 
stitute equipment that meets the critical specifications 
given in the table. 


5-5. ADJUSTMENT INTERVAL. 


5-6. The 3455A adjustments should be performed at 90- 
day or 6-month intervals depending on the environmental 
conditions and your specific accuracy requirements. Adjust- 
ments should also be performed after the instrument has 
been repeaired. 


5-7. ADJUSTMENT SEQUENCE. 


5-8. The 3455A Adjustments must be performed in the 
sequence in which they are presented. If the dc and ohms 
accuracy of the instrument are satisfactory, the DC Zero 
Adjustments and Reference Adjustments can be omitted 
and the RMS or Average Converter adjustments can be 
performed to optimize the ac voltmeter accuracy. 


5-9. TEST POINT AND ADJUSTMENT LOCATIONS. 
5-10. Test points and adjustments are labeled on the top 
inner cover and rear panel (Reference Module) of the 


instrument or are shown in figures designated in the adjust- 
ment procedures. 


5-11. DC ZERO ADJUSTMENTS. 
Equipment Required: 
DC Digital Voltmeter (-hp- Model 3490A or 3455A) 


a. Remove the 3455A top outer cover and top inner 
cover to gain access to the A10 (Mother) board. 


b. Set the 3455A controls as follows: 


FUNCTION iisiee eestor cose se ores tae DCV 


c. Set the test DVM to measure dc volts (autorange). 
Connect the DVM’s low input to the A10 board ground test 
point and the high input to AlOTO1 (Figure 5-1). 


d. Adjust Al0R66 (Figure 5-1) for a DVM reading of 
0 V t+ 50 microvolt. Disconnect the test DVM. 


e. Set the 3455A RANGE to 100 V and AUTO CAL to 
ON. The 3455A Reading should be 0.0000 V + 1 count. If 
it is not, repeat Steps b through d. If this does not correct 
the problem, refer to Section VIII for troubleshooting 
information. 


f. Reinstall the top inner cover with two or three screws 
and reinstall the top outer cover (bottom covers must be 
installed). 


g. Set the 3455A RANGE to 1 V. Connect a copper 
shorting strap across the 3455A INPUT terminals. 


h. Allow the 3455A to run at room temperature for 
at least 30 minutes. 


i. The 3455A reading should be 0.000000 V + 4 counts. 
If it is, proceed to the DC Reference Adjustments (Para- 
graph 5-12). If it is not, it will be necessary to change the 
value of padding resistor A1OR110 as outlined in the 
following steps. 


j. Record the 3455A reading: ; 
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Figure 5-2. 1 Volt Zero Adjustment. 


k. Remove the top covers and note the value of 
A10R106 — if there is an R110 installed (see Figure 5-2). 
Refer to Table 5-1 and record the Offset Voltage that cor- 
responds to the current value of AlOR110:____. (If there 
is no A1OR110, record 0.000000 V.) If R110 is connected 
to the terminal marked ‘“+’’, the polarity of the Offset 
Voltage is negative; if R110 is connected to the terminal 
marked “‘-”, the polarity of the offset is positive. 


1. Add the voltages recorded in Steps j and k to obtain 
the total offset: 


m. Refer to Table 5-1 and locate the Offset Voltage 
that is closest to the total offset voltage recorded in Step I. 
Obtain a resistor that corresponds to that offset voltage. 


n. Remove the original A1OR110 (Figure 5-2). If the 
total offset (Step 1) is positive, connect the new R110 
between the unmarked terminal and the terminal marked 
“.”: if the total offset is negative, connect it between the 
unmarked terminal and the terminal marked “‘+”’. 


o. Reinstall the top covers and again allow the instru- 
ment to run at room temperature for 30 minutes. At the 
end of that period, the 3455A reading should be 
0.000000 V + 4 counts. If it is not, repeat Steps j through 
n. 


Table 5-1. DC Zero Adjustment Padding List (A10R110). 


Offset Resistor 
Voltage Value* -hp- Part No. 


0683-3055 
0683-1555 
0683-1055 
0683-7545 


0683-6245 
0683-5145 
0683-4345 
0683-3645 
0683-3345 
0683-3045 


*A\ll resistors are + 5%, 1/4 W, carbon. 
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5-12. DC AND OHMS REFERENCE ADJUSTMENTS. 


5-13. The DC Transfer Standard required for the following 


adjustments must be adjusted for optimum 1-volt and- 


10-volt output accuracy using NBS-calibrated voltage 
standards. The Transfer Standard should be adjusted just 
prior to use. After adjustment, it should be left on and, if 
possible, kept in a controlled environment where the 
ambient temperature is within one or two degrees of the 
temperature at which it was adjusted. The following pro- 
cedure should be performed in that same environment. 


5-14. Adjustment Procedure. 
Equipment Required: 


DC Transfer Standard (Fluke Model 731 A) 

Standard Resistor (1 kilohm + 0.0005%; Guildline 
9330/1 K) 

Standard Resistor (100 kilohm + 0.002%; Guildline 
9330/100 K) 


NOTE 


All of the reference adjustments are screw- 
driver adjustments and are accessible through 
holes in the rear panel of the Reference Module 
(rear panel of instrument). Adjustment 
Designators are marked on the panel. The 
adjustments should be performed after a 30- 
minute warmup period with all covers installed. 


a. Set the 3455A controls as follows: 


BUNGTIONS = gosticsse seta ee DCV 
RANGES one eeeaniee jon Mra eee 10 V 
HIGH RESOLUTIONS << 2 aycsetim ce 6 ory ON 
AUTO CATA tro wanes: so fees es ON 
GUARD (ic. ghee sa penta BE ON 
TRIGGERS eee neccwe cere ty sincen eer acans INT 
MAW sree taeetaae sate aerate one OFF 


b. Set the DC Transfer Standard for an output of 10 V. 
Using short pieces of number 20 AWG (or larger) insulated 
solid copper wire, connect the output of the Transfer Stan- 
dard to the 3455A INPUT. 


c. Adjust the 10 V pot for a 3455A reading. of 
+ 10.00000 V. 


d. Set the Transfer Standard for an output of 1 V. Set 
the 3455A RANGE to 1 V. 


e. Adjust the 10:1 pot for a 3455A reading of 
1.000000 V (+ 1 count). 


f. Set the 3455A RANGE to 10 V and set the Transfer 
Standard for an output of 10 V. 


g. Repeat Steps c through f until optimum adjustment 
is obtained. 
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h. Disconnect the DC Transfer Standard. Set the 3455A 
FUNCTION to 4-WIRE K OHMS and RANGE to 1. 


i. Using short pieces of number 20 AWG insulated solid 
copper wire, connect the | kilohm Standard Resistor to the 
3455A INPUT and OHMS SIGNAL terminals in a 4-wire 
ohms measurement configuration. 


j. Adjust the 1 kilohm pot for a 3455A reading of 
1.000000 kilohm. 


k. Disconnect the 1 kilohm Standard Resistor and 
connect the 100 K standard resistor using the same 4- 
wire ohm measurement configuration. 


1. Set the 3455A RANGE to 100. 


m. Adjust the 1 megohm pot for a 3455A reading of 
100.0000 kilohm (+ 1 count). 


n. Set the 3455A RANGE to 1. Repeat Steps i through 
m to obtain optimum adjustment. 


5-15. RMS CONVERTER ADJUSTMENTS (A15 Assy., 
Standard Model 3455A Only). 


Dc 
c NOTE 


For 3455A Option 001 instruments, refer to 
the Average Converter Adjustments (Para- 
graph 5-16). 


Equipment Required: 


AC/DC Digital Voltmeter (-hp- Model 3490A or 
3455A) 


DC Standard (Systron Donner Model 106A) 
AC Calibrator (-hp- Model 745A) 


a. Set the 3455A controls as follows: 


FUNCTION a) mci eae erie ACV 
RANGE Beenie eree seer mei a eno cee 10V 
AUTOIGAL Akane sa oe oie ond cre ce ON 
GUARD. scar sists eis since eee meme ON 
RIG GE REE ean tae mere ree ee INT 
UGH G Beso enon nraieroco Ges Oia akan Becca OFF 
AC—AC/DC(Rear Panel). ............ AC 


b. Connect a short across the 3455A INPUT terminals. 


c. Set the Digital Voltmeter (DVM) to measure dc volts 
(auto range). Connect the DVM low input terminal to TP6 
and the high input terminal to TP8. 


d. Adjust R65 (PREAMP OFFSET ADJ) for a DVM 
reading of 0 V + 10 microvolt. 


e. Connect the DVM Low to TP6 and High to TPS. 
Adjust R56 (ABS AMP OFFSET ADJ) for a DVM reading 
of 0 V + 10 microvolts. 
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f. Disconnect the DVM. Connect a clip lead between 
TP3 and TP6. Adjust R16 (INT AMP OFFSET) for a 
3455A display reading of 0 V + 1 count. 


g. Remove the clip lead from TP3 and TP6. Adjust R29 
(LOGGER AMP OFFSET) for a 3455A display reading 
between 0.0998 V and 0.1002 V with a 100 mV, 100 Hz 
signal applied to the input terminals. 


h. Set the rear panel AC - AC/DC switch to AC/DC. Set 
the DC Standard for an output of 10 V de. Connect the DC 
Standard output (Negative Polarity) to the 3455A INPUT. 


i. Note the 3455A reading. 


j. Reverse the polarity of the DC Standard’s output and 
note the 3455A reading. 


k. Adjust RS1 (AC-DC TURNOVER ADJ) so that the 
readings in Steps i and j are equal + 0.0005 V. 


1. Disconnect the DC Standard from the 3455A INPUT. 
Set the rear panel AC—AC/DC switch to AC. 


m. Set the 3455A RANGE to 1 V. Connect the DVM 
(AC function, autorange) Low to TP6 and High to TP8. 
Set the AC Calibrator for an output of 1 V, 100 Hz. Con- 
nect the AC Calibrator output to the 3455A INPUT. 


n. Adjust R74 (1 V, 100 Hz ADJ) for a DVM reading 
of 1.00000 V + 1 count. Disconnect the DVM. 


o. Adjust R17 (GAIN) for a 3455A reading of 
1.00000 V + 5 counts. 


NOTE 


If, in the following steps, there is insufficient 
adjustment range for the 1 V, 10 V or lOO V 
high-frequency (40 kHz) adjustment, the 
adjustment range can be expanded by remov- 
ing the appropriate jumper wire on the Al5 
board (see Table 5-2). Refer to the Al5 
board component locator (Section VIII) for 
jumper locations. 


p. Set the AC Calibrator frequency to 40 kHz. Adjust 
R75 (1 V, 40 kHz ADJ) for a 3455A reading of 1.00010 V 
(tolerance = + 20 counts). 


q. Set the 3455A RANGE to 10 V. Set the AC Calibra- 
tor for an output of 10 V, 100 Hz. Adjust R73 (10 V, 
100 Hz ADJ) for a 3455A display reading of 10.0000 V 
+ 5 counts. ; 


r. Set the AC Calibrator frequency to 40 kHz. Adjust 
R72 (10 V, 40 kHz ADJ) for a 3455A reading of 
10.0010 V (tolerance = + 20 counts). 


s. Set the 3455A RANGE to 100 V. Set the AC Cali- 
brator for an output of 100 V, 100 Hz. Adjust R94 (100 V, 
100 Hz ADJ) for a 3455A reading of 100.000 V + 5 counts. 
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t. Set the AC Calibrator frequency to 40 kHz. Adjust 
C34 (100 V, 40 kHz ADJ) for a 3455A reading of 
100.010 V (tolerance = + 20 counts). 


u. Set the AC Calibrator for an output of 1 V, 100 Hz. 
Set the 3455A RANGE to 1 V. Repeat Steps o through u 
until optimum adjustment is obtained. 


Table 5-2. Jumper Removal (A15 board). 


1 V, 40 kHz 
10 V, 40 kHz 
100 V, 40 kHz 


Jumper 2 
Jumper 3 
Jumper 1 


5-16. AVERAGE CONVERTER aa i (A13 
Assy., 3455A Option 001 Only). 

: oe Covree Xo Cow 
5-17, The following adjustments require an AC Calibrator 
such as the -hp- Model 745A. For optimum adjustment ac- 
curacy, the AC Calibrator should be calibrated at 1 V, 10 V 
and 100 V at 100 kHz. The AC Calibrator’s error measure- 
ment control should then be used to adjust out the 
100 kHz errors indicated on the calibration chart. For 
example, if the calibration chart indicates that the 745A 
output is 0.04% high at 1 V, 100 kHz, set the error mea- 
surement control to + 0.04% to obtain a precise 1 V 
output. The 745A can be calibrated during a routine per- 
formance test using the procedures outlined in the 745A 
Operating and Service Manual. 


5-18. Adjustment Procedure. 
Equipment Required: 
AC Calibrator (-hp- Model 745A) 


a. Set the 3455A controls as follows: 


RUING TIO Nia retee- esr tet easy oheenes ACV 
RANGES eres are ties Sse eas her 1V 
AUTOCAD cuyau 5 wha o6 sale tee Ss ON 
GUARD ie arg oes Ge ga ence daar ON 
ERIG GBR cis os ota nee aie ce seb cele INT 
MATE. sya cree foam oe 8 os ee ete OFF 


b. Set the AC Calibrator for an output of 10 mV, 
1 kHz. Connect the AC Calibrator output to the 3455A 
INPUT. 
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c. Adjust R12 (DC OFFSET) for a 3455A reading of 
0.01000 V + 3 counts. 


d. Set the AC Calibrator to 1 V, 100 kHz (use error 
measurement control). Adjust R13 (1 V HI FREQ) for a 
3455A reading of 1.00000 V + 5 counts. 


e. Set the AC Calibrator frequency to 1 kHz (turn off 
error measurement control). Adjust R36 (1 V LOW FREQ) 
for a 3455A reading of 1.00000 V + 5 counts. 


f. Set the 3455A RANGE to 10 V. Set the AC Calibra- 
tor to 10 V, 1 kHz. Adjust R23 (10 V LOW FREQ) for a 
3455A reading of 10.0000 V + 5 counts. 


5 RES 
er St 


If, in the following steps, there is insufficient 
adjustment range for the 10 V or 100 V high- 
frequency (100 kHz) adjustment, the adjust- 
ment range can be expanded by removing the 
appropriate jumper wire on the Al3 board 
(see Table 5-3). Refer to the Al3 board com- 
ponent locator (Section VIII) for jumper 
locations. 


NOTE 


g. Set the AC Calibrator frequency to 100 kHz. Adjust 
C15 (10 V HI FREQ) for a 3455A reading of 10.0000 V 
+ 10 counts. 


h. Set the 3455A RANGE to 100 V. Set the AC Cali- 
brator to 100 V, 1 kHz. Adjust R46 (100 V LOW FREQ) 
for a 3455A reading of 100.000 V + 5 counts. 


i. Set the AC Calibrator frequency to 100 kHz. Adjust 
C34 (100 V HI FREQ) for a 3455A reading of 100.000 V 
+ 10 counts. 


j. Repeat Steps d through i until optimum adjustment is 
obtained. 


Table 5-3. Jumper Removal (A13 board). 


10 V, 100 kHz Jumper 2 
Jumper 1 


100 V, 100 kHz 


OPERATIONAL VERIFICATION TEST CARD 


oe Hewlett-Packard Model 3455A (Standard) Tests Performed By: 


Digital Voltmeter Date 


Serial No. 


DC ACCURACY TEST 


3455A 3455A 
High Positive Negative 
Resolution Reading Reading Test Limits* 


*Record 24-hour or 90-day test limits from table designated in test proce- 
dure. Derive 6-month test limits from specifications listed in Table 1-1. 


**For positive readings only. Do not apply negative voltages greater than 
—500 V de. 


. 


AC VOLTMETER ACCURACY TEST 30 Hz TO 1 MHz 
(Standard Model 3455A Only) 


& 3455A 3455A 


Test Input Reading Reading 
Frequency Level (ACV) (FAST ACV) | Test Limits** 
30 Hz* 1V 
100 kHz Vv 
350 kHz 5V 
30: Hz” 5V 
100 kHz 5V 
1 MHz PAA 
1 MHz 5V 
30 Hz* 10 V 
20 kHz 10 V 
100 kHz 10 V 
30 Hz* 100 V nachna 
100 kHz 100 V 
30 Hz* 1000 V 
10 kHz 1000 V 


* ACV Function Only 


**Record 24-hour or 90-day test limits from the tables designated in the 
test procedure. Derive 6-month test limits froin specifications listed in 
Table 1-1. 


OPERATIONAL VERIFICATION TEST CARD (Cont'd). 


OHMS ACCURACY TEST 


Decade Ohms 
Resistor Function Reading Test Limits* 


100 2 
1kQ 
10 kQ 
100 kQ 
100 kQ 
1 MQ 
10 MQ 


*Record 24-hour or 90-day test limits from table designated in test 
procedure. Derive 6-month test limits from specifications listed in 
Table 1-1. 


DC VOLTMETER INPUT RESISTANCE TEST 


Test 
Reading 


Test Limits 


10 V 
100 V 


9.99900 V to 10.00000 Vv 
9.0900 V to 9.0917 V 


@ Hewlett-Packard Model 3455A (Option 001) 


Digital Voltmeter 


Serial No. 


OPERATIONAL VERIFICATION TEST CARD 


Test Performed By: 


Date 
DC ACCURACY TEST 
3455A 3455A 
Input 3455A High Positive Negative 
Level Range Resolution Reading Reading Test Limits* 


0.1 V 
1V 
1V 
5 V 
10V 
10 V 
100 V 


1000 v** Sa 


*Record 24-hour or 90-day test limits from table designated in test 
procedure. Derive 6-month test limits from specifications listed in 
Table 1-1. 


**For positive readings only. Do not apply negative voltages greater 
than —500 V de. 


AC VOLTMETER ACCURACY TEST (OPTION 001 ONLY) 


Frequency 


3455A 3455A 


Frequency Reading Reading 


(ACV) (FAST ACV) (ACV) (FAST ACV) 


30 Hz 
50 Hz 
250 kHz 


30 Hz 
100 Hz 
250 kHz 


30 Hz 
100 Hz 
100 kHz 


30 Hz 
100 kHz 


30 Hz 
10 kHz 


*Record 24-hour or 90-day test limits from tables designated in the test procedure. Derive 6-month 


300 Hz 
500 Hz 
250 kHz 


300 Hz 
100 kHz 
250 kHz 


300 Hz 
1 kHz 
100 kHz 


300 Hz 
100 kHz 


300 Hz 
10 kHz 


test limits from specifications listed in Table 1-1. 


Test Limits* 


OPERATIONAL VERIFICATION TEST CARD (Cont'd). 


OHMS ACCURACY TEST 


Decade Ohms 
Resistor Function Reading Test Limits* 


100 Q 
1 kQ 

10 kQ 
100 kQ 
100 kQ 
1 MQ 

10 MQ 


*Record 24-hour or 90-day test limits from table designated in test 
procedure. Derive 6-month test limits from specifications listed in 
Table 1-1. 


DC VOLTMETER INPUT RESISTANCE TEST 


Test 
Reading 


Test Limits 


10 V 
100 V 


9.99900 V to 10.00000 V 
9.0900 V to 9.0917 V 


PERFORMANCE TEST CARD 


& Hewlett-Packard Model 3455A (Standard Model Only) Tests Performed By: 
Digital Voltmeter Date 
Serial No. 


DC ACCURACY TEST (High Resolution off) 


3455A 
Positive 


3455A 
Negative 
Reading 


Input 
Reading Test Limits* 
1¥v 
10 V 
1000 V** 
500 V 
100 V 
OV 


*Record 24-hour or 90-day test limits from table designated in test procedure. 
Derive 6-month test limits from specifications listed in Table 1-1. 


**For positive readings only. Do not apply negative voltages greater than - 500 V dc. 


DC ACCURACY TEST (High Resolution on) 


3455A 
Positive 


3455A 
Negative 
Reading 


Reading Test Limits* 
1V 
10 V 
1000 V** 
500 V 
100 V 
100 V 

50 V 

10 V 

5V 

1V 
O5V 

0.1 V 
*Record 24-hour or 90-day test limits from table designated in test 


procedure. Derive 6-month test limits from specifications listed in 
Table 1-1. 


**For positive readings only. Do not apply negative voltages greater 
than - 500 V de. 


PERFORMANCE TEST CARD (Cont'd) 


AC VOLTMETER ACCURACY TEST 30 Hz TO 1 MHz 
(Standard Model 3455A only) 


3455A 3455A 
Test Reading Reading 
Frequency (FAST ACV) | Test Limits** 


30 Hz* 
300 Hz 
10 kHz 
20 kHz 
50 kHz 
100 kHz 


30 Hz* 
300 Hz 
20 kHz 
100 kHz 


30 Hz* 
50 Hz* 
100 Hz* 
500 Hz 
1 kHz 

5 kHz 
10 kHz 
20 kHz 
50 kHz 
100 kHz 


30 Hz* 
300 Hz 
10 kHz 
20 kHz 
100 kHz 


30 Hz* 
300 Hz 
10 kHz 

110 kHz 
250 kHz 
500 kHz 
1 MHz 


110 kHz 
250 kHz 
500 kHz 
1 MHz 


*ACV Function Only 


**Record 24-hour or 90-day test limits from the tables designated in the 
test procedure. Derive 6-month test limits from specifications listed in 
Table 1-1. 


PERFORMANCE TEST CARD (Cont'd) 


High Res. Off 


TWO—WIRE OHMS ACCURACY TEST 
High Res. On 


Decade 


Resistor Reading | Test Limits* Reading | Test Limits* 


*Record 24-hour or 90-day test limits from table designated in test 
procedure. Derive 6-month test limits from specifications listed in 
Table 1-1. 

FOUR—WIRE OHMS ACCURACY TEST 
High Res. Off High Res. On 


Decade 


Resistor Reading Test Limits* Reading Test Limits* 


*Record 24-hour or 90-day test limits from table designated in test 


S procedure. Derive 6-month test limits from specifications listed in 
Table 1-1. 


OHMS VOLTAGE TEST 


Voltage for Valid Reading: _.____V “—(< 4.7 V de) 
Open-Circuit Voltage: V (<5 Vdc) 


COMMON-MODE AND NORMAL-MODE REJECTION TESTS 


Reference 3455A 
Step Reading 


Reference 
Reading 


Test Limit 
(Relative to Reference) 


+ 0.000050 V 
+ 0.000010 V 
+ 0.0100 V 


Test 
Reading 


9.99900 V to 10.00000 V 
9.0900 V to 9.0917 V 


AC VOLTMETER INPUT IMPEDANCE TEST 


Front-Terminal Reading (Step e):____———s Vv: (0.66443 V to 0.66887 V) 

Front-Terminal Reading (Step i):______—« VV’: (>0.61017) 

Rear-Terminal Reading (Step e):___m_v (0.66443 V to 0.66887 V) 
= Rear- Terminal Reading (Step k): V (> 0.70822) 


PERFORMANCE TEST CARD 


Hewlett-Packard Model 3455A (Option 001 only) 
Digital Voltmeter 


Serial No. 


DC ACCURACY TEST (High Resolution off) 


3455A 
Positive 
Reading 


3455A 
Negative 


Input 


Reading | Test Limits* 


1V 
10 V 
1000 V** 
500 V 
100 V 
0.1 V 


*Record 24-hour or 90-day test limits from table designated in test procedure. 
Derive 6-month test limits from specifications listed in Table 1-1. 


**For positive readings only. Do not apply negative voltages greater than - 500 V dc. 


DC ACCURACY TEST (High Resolution on) 


3455A 
Positive 
Reading 


3455A 
Negative 


Reading | Test Limits* 


1V 
10 V 
1000 v** 
500 V 
100 V 
100 V 

50 V 

10 V 

5V 

1V 
O5V 
0.1V 
*Record 24-hour or 90-day test limits from table designated in test 


procedure, Derive 6-month test limits from specifications listed in 
Table 1-1. 


**For positive readings only. Do not apply negative voltages greater 
than - 500 V dc. 


Tests Performed By: 


Date 


PERFORMANCE TEST CARD (Cont'd) 


TWO—WIRE OHMS ACCURACY TEST 
High Res. Off 


High Res. On 


Decade 
Resistor 


Reading Test Limits* Reading Test Limits* 


*Record 24-hour or 90-day test limits from table designated in test 
procedure. Derive 6-month test limits from specifications listed in 
Table 1-1. 


FOUR—WIRE OHMS ACCURACY TEST 


High Res. Off High Res. On 


Decade 


Resistor Reading Test Limits* Reading Test Limits* 


*Record 24-hour or 90-day test limits from table designated in test 
procedure. Derive 6-month test limits from specifications listed in 
Table 1-1. 


OHMS VOLTAGE TEST 


Voltage for Valid Reading: V (< 4.7 V de) 
Open-Circuit Voltage: V (<5 Vdc) 


COMMON-MODE AND NORMAL-MODE REJECTION TESTS 


3455A 
Reading 


Test Limit 


Reference 


Reference 


Step (Relative to Reference) 


Reading 


+ 0.000050 V 


+ 0.000010 V 
oO. + 0.0100 V 
DC VOLTMETER INPUT RESISTANCE TEST 
3455A Test 
Reading Test Limits 

9.99900 V to 10.00000 V 
100 V 9.0900 V to 9.0917 V 
AC VOLTMETER INPUT IMPEDANCE TEST 
Front-Terminal Reading (Step e): V (0.66443 V to 0.66887 V) 
Front-Terminal Reading (Step i): V (> 0.61017) 
Rear-Terminal Reading (Step e): V (0.66443 V to 0.66887 V) 
Rear-Terminal Reading (Step k): V (> 0.70822) 


PERFORMANCE TEST CARD (Cont'd) 


AC VOLTMETER ACCURACY TEST (OPTION 001 ONLY) 


3455A 
Reading 


3455A 
Reading 
(FAST ACV) 


Frequency 
(ACV) 


Frequency 
(FAST ACV) 


Test Limits* 


30 Hz 300 Hz 


50 Hz 500 Hz 
100 Hz 1 kHz 

10 kHz 10 kHz 
50 kHz 50 kHz 


100 kHz 100 kHz 


30 Hz 300 Hz 
50 Hz 500 Hz 
100 Hz 1 kHz 
10 kHz 10 kHz 
50 kHz 50 kHz 
100 kHz 100 kHz 


30 Hz 
50 Hz 
100 Hz 


300 Hz 
500 Hz 
1 kHz 


10 kHz 10 kHz 
20 kHz 20 kHz 
50 kHz 50 kHz 


100 kHz 100 kHz 


30 Hz 


300 Hz 


50 Hz 500 Hz | 

100 Hz 1 kHz | 
& 10 kHz 10 kHz 

50 kHz 50 kHz 


100 kHz 100 kHz 


30 Hz 300 Hz 


50 Hz 500 Hz 

100 Hz 1 kHz 

10 kHz 10 kHz 

250 kHz 250 kHz 

250 kHz 250 kHz 6V 10 V 


*Record 24-hour or 90-day test limits from tables designated in the 
test procedure. Derive 6-month test limits from specifications listed 
in Table 1-1. 


Maintenance described herein is performed 
with power supplied to the instrument, and pro- 
tective covers removed. Such maintenance 
should be performed only by service-trained 
personnel who are aware of the hazards in- 
volved (for example, fire and electrical shock). 
Where maintenance can be performed without 
power applied, the power should be removed. 
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SECTION VI 
REPLACEABLE PARTS 


6-1. INTRODUCTION. 


6-2. This section contains information for ordering replace- 
ment parts. Table 6-3 lists parts in alphameric order of their 
reference designators and indicates the description, -hp- 
Part Number of each part, together with any applicable 
notes, and provides the following: 


a. Total quantity used in the instrument (Qty column). 
The total quantity of a part is given the first time the part 
number appears. 


b. Description of the part. (See abbreviations listed in 
Table 6-1.) 


c. Typical manufacturer of the part in a five-digit code. 
(See Table 6-2 for list of manufacturers.) 


d. Manufacturers part number. 
6-3. Miscellaneous parts are listed at the end of Table 6-3. 
6-4. ORDERING INFORMATION. 
6-5. To obtain replacement parts, address order or inquiry 


to your local Hewlett-Packard Field Office. (Field Office 
locations are listed at the back of the manual.) Identify 


parts by their Hewlett-Packard part numbers. Include 
instrument model and serial numbers. 


6-6. NON-LISTED PARTS. 


6-7. To obtain a part that is not listed, include: 
Instrument model number. 

Instrument serial number. 

Description of the part. 

Function and location of the part. 


aocep 


PARTS CHANGES. 


6-9. Components which have been changed are so marked 
by one of three symbols; i.e., A, A with a letter subscript, 
e.g., Ag, or A with a number subscript, e.g., Ayo. A A with 
no subscript indicates the component listed is the preferred 
replacement for an earlier component. A A with a letter 
subscript indicates a change which is explained in a note at 
the bottom of the page. A A with a number subscript indi- 
cates the related change is discussed in backdating (Section 
VII). The number of the subscript indicates the number of 
the change in backdating which should be referred to. 


6-10. PROPRIETARY PARTS. 


6-11. Items marked by a dagger (7) in the reference desig- 


silver 

.. aluminum 
ampere(s) 
gold 


capacitor 
ceramic 
coefficient 
common 
composition 
connection 


deposited 
double-pole double-throw 
double-pole single-throw 


electrolytic 
encapsulated 


farad(s) 
field effect transistor 
.. fixed 


gallium arsenide 
gigahertz = 10+9 hertz 
guardied) 

germanium 

groundied) 


henry(ies) 
mercury 


assembly 

motor 

battery 

- ++... Capacitor 

. - diode or thyristor 

E F . delay line 
o ee lamp 
misc electronic part 

v fuse 


Table 6-1. Standard Abbreviations. 


ABBREVIATIONS 
hertz (cycle(s) per second) NPO 


inside diameter 
impregnated 
incandescent 
insulation(ed) 


kilohm(s) = 10+ 3 ohms 
kilohertz = 10+ 3 hertz 


inductor 
linear taper 
-logarithmic taper 


. .milliampere(s) = 10-3 amperes 
megahertz = 10+6 hertz 
megohm(s) = 10+ 6 ohms 


metal film 

manufacturer 

millisecond 

. . Mounting 

millivolt(s) = 10 ~ 3 volts 

microfarad(s) 

. . microsecond(s) 

microvolt(s) = 10-6 volts 
. . Mylar 


nanoampere(s) = 10-9 amperes 


. . normally closed 
neon 
- . -MNormally open 


filter 

heater 
integrated circuit 
jack 

relay 

. inductor 

meter 
mechanical part 
- plug 


negative positive zero 
(zero temperature coefficient) 
nanosecond(s) = 10-9 seconds 
. . Not separately replaceable 


. ohmis) 
. order by description 
-.» Outside diameter 


peak 

picoampere(s) 

anor : -printed circuit 
-picofarad(s) 10-12 farads 

peak inverse voltage 

part of 

position(s) 

» » - polystyrene 

potentiometer 

. . peak-to-peak 

. ones . parts per million 
precision (temperature coefficient, 
long term stability and/or tolerance) 


. . resistor 

. . thodium 
root-mean-square 
. .. fotary 


selenium 
section(s) 
. . silicon 


DESIGHATORS 


transistor 
transistor-diode 
resistor(pack) 
thermistor 


. . transformer 

. . . terminal board 
thermocouple 
test point 


.. slide 
. single-pole double-throw 
... Single-pole single-throw 


. tantalum 

. .temperature coefficient 
titanium dioxide 

+... toggle 

..» tolerance 

trimmer 

transistor 


oye volt(s) 
. .. .alternating current working voltage 
2 aire waa ae oe WERE 

direct current working voltage 


watt(s) 

with 

working inverse voltage 
without 

wirewound 


. . optimum value selected at factory, 
average value shown (part may be omitted) 
no standard type number assigned 

selected or special type 


@® Dupont de Nemours 


. terminal strip 

ae ee eee » . Microcircuit 

. vacuum tube, neon bulb, photocell, etc. 
"I cable 
-... socket 

. lamphoider 

. fuseholder 

... erystal 

network 
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nator column are available only for repair and service of 
Hewlett-Packard Instruments. 


6-12. EXCHANGE ASSEMBLIES. 


6-13. Exchange assemblies are factory repaired and tested 
assemblies and are available only on a trade-in basis; there- 
fore, the defective assembly must be returned for credit. 
For this reason, assemblies required for spare parts stock 
must be ordered by the new assembly part number listed in 
Table 6-3. 


6-14. For service convenience, the Processor Assembly 
(A3) and Reference Assembly (A11) may be replaced on an 


Model 3455A 


exchange basis. Use the following part numbers and descrip- 
tions when ordering the exchange assemblies. 


Processor Eschange Assembly (A3), -hp- part number 
03455-69503. 

Reference Exchange Assembly (A11), -hp- part num- 
ber 11177-69501 


6-15. SERVICE KIT. 


6-16. A service kit is available to aid in the repair of the 
3455A. This kit contains Processor and Reference Assem- 
blies (A3 and A11) and selected components necessary for 
efficient repair. The Service Kit may be ordered through 
your nearest Hewlett-Packard Office. Order Service Kit 
Number 03455-69800. 


Table 6-2. Code List of Manufacturers. 


Manufacturer 
Number Manufacturer Name Address 


EFCO Components 
Amp Deutschland 
U.S.A. Common 
Jermyn Industries 
United Chemicon Inc 
Allen-Bradley Co 


Texas Instr Inc Semicond Cmpnt Div 
RCA Corp Solid State Div 


KDI Pyrofilm Corp 


Motorola Semiconductor Products 
Fairchild Semiconductor Div 


CTS of Berne Inc 
CTS Keene Inc 
TRW Inc Boone Div 


Edison Elek Div McGraw-Edison 
Teledyne Semiconductor 


Dayton Rogers Mfg Co 
Seliconix Inc 
Mepco/Electra Corp 


Gowanda Electronics Corp 


Analog Devices Inc 


Corning Glass Works (Bradford) 
Specialty Connector Co Inc 
National Semiconductor Corp 


Molex Products Co 


Hewlett-Packard Co Corporate HO 
Bourns Inc Trimpot Prod Div 
Advanced Micro Devices Inc 


Sprague Electric Co 


TRW Elek Components Cinch Div 
Electro Motive Corp Sub IEC 
Beckman Instruments Inc Helipot Div 


Johnson E F Co 
Littelfuse Inc 

C—W Industries 
Bergquist Co 

Dale Electronics Inc 


Keystone Electronics Corp 
Amer Pren Ind Inc Delevan Div 
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Saint-Malo France 35 
Germany 
Any Supplier of the U.S. 


Milwaukee, WI 53212 
Dallas, TX 75231 
Sommerville, NJ 08876 
Whippany, NJ 07981 
Phoenix, AZ 85008 
Mountain View, CA 94040 
Berne, IN 46711 


Boone, NC 28607 
Manchester, NH 03130 
Mountain View, CA 94040 
Minneapolis, MN 55407 
Santa Clara, CA 95050 
Mineral Wells, TX 76067 
Gowanda, NY 14070 
Norwood, MA 02062 
Bradford, PA 16701 
Indianapolis, IN 46227 
Santa Clara, CA 95051 
Downers Grove, IL 60515 
Palo Alto, CA 94304 
Riverside, CA 92507 
Sunnyvale, CA 94086 
North Adams, MA 01247 
Elk Grove Village, |L 60007 
Willimantic, CT 06226 
Fullterton, CA 92634 
Waseca, MN 56093 

Des Plaines, |L 60016 
Warminster, PA 18974 
Minneapolis, MN 55420 
Columbus, NE 68601 
New York, NY 10012 
Aurora, NY 14052 


Reference 
Designation 


HP Part 
Number 


03455-66501 


01 60-0362 
0180-0291 
0180-0374 
0180-0197 
Vi 60-1735 


0160-0197 
0180-1735 
01 80-0374 
0130-0197 
0160-1735 


0180-0374 
0160-0128 
0160-0374 
O1s0-0291 
0180-0291 


U1E0-0693 
0180-0228 
0180-0291 
9180-0694 
0160-0291 


0160-0291 
0180-0291 
¥140-0198 
9160-0291 
0160-2204 


0180-1735 
0180-0291 
01 80-1735 
0160-2605 
0160-0502 


0160-0291 
0150-0093 
U1L60-Us02 
OL 80-0291 
0160-0291 
0160—0195 

0180—0291 

0180—0291 

0180-1701 

1901-0200 
1901-0200 
i901-005u 
19C1-0u50 
19Cl-0U50 


Table 6-3. 


Replaceable Parts 


Description 


P.C ASSEMBLY» 


CAP ACITOR-FXD 
CAPACITOR-FXD 
CAPACTTOR-FXO 
CAPACITOR-FXD 
CAPACITOR-FXD 


CAPACITUR-FXD 
CAPACI TOR-FXD 
CAPACI TOR-FXD 
CAPACI TOR-FXD 
CAPACI TOR-FXO 


CAPACI TOR-FXD 
CAPACI TOR-FXD 
CAPACI TOR-FXD 
CAPACI TOR-FXD 
CAPAC LTOR-FXD 


CAPACI TOR-FXD 
CAPACITOR-FXD 
CAPAC ITOR-FXD 
CAPACITOR-FXO 
CAPACI TOR-FXD 


CAPACI TOR-FXD 
CAPAC ITOR-FXD 
CAPACITOR-FXD 
CAPAC ITOR-FXD 
CAPACITOR-FXD 


CAPACITOR-FXD 
CAPAC ITOR-FXD 
CAPAC ITOR-FXO 
CAPACITOR-FXD 
CAPACITOR-FXD 


CAPACI TOR-FXD 
CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACI TOR-FXD 
CAPACI TOR-FXD 
CAPACITOR—FXD 
CAPACITOR—FXD 
CAPACITOR—FXD 
CAPACITOR—FXD 


OUTGD MB 


51LOPF +-52 300WVDC MICA 
1UF+-1OZ 35VDC TA 
1OUF+-102 20VDC TA 
222UF+-10% 20VOC TA 
«22UF+-10% 35VDC TA 


2-2UF+-102 20VDC TA 
222UF+#-10% 35VDC TA 
1OUF+-10% 20VDC TA 
2.2UF+-1L0% 20VDC TA 
222UF+-10% 35VDC TA 


LOUF#-10% 20VDC TA 
2.2UF +-20% SOWVDC CER 
10UF+-102@ 20VDC TA 
1UF+-10% 35VD0C TA 
1UF4-10% 35V0C TA 


LOOQQUF+50-1l0% 25V0C AL 
22UF+-10% 15VDC TA 
1UF4-10% 35VDC 
7500UF+100-1u0% 
1UF4-10% 35V0C 


LUF+#-10% 35V0C 

LUF#-10% 35VDC 

200PF #-5% 300WVDC MICA 
1UF4-LOZ 35VDC TA 

LOOPF +-5% 300WVDC MICA 


«22UF+-10% 35VDC TA 
LUF4-10Z 35V0C TA 

-22 UF+—10% 35 VDC TA 

-O2UF +80-20% 25WVDC CER 
SLOPF +-5% 3090WVDC MICA 


1UF+#-10% 35V0C TA 

2O1LUF +80-20% LOOWVDC CER 
SLOPF +-5% 300wWVDC MICA 
1UF#-1LO% 35VDC TA 
1UF+-10% 35V0C TA 

1000PF +—20% 250WVAC CER 
1UF +—-10% 35VDC TA 

1UF +—10% 35VDC TA 

6.8UF +—20% 6VDC TA 


Mfr Part Number 


03455-66501 


0160-0362 

150D105xX9035A2 
150D106X902 0B2 
150D225X9020A2 
150D224X9035A2 


150D225x9020A2 
150D224X903 5A2 
1500106X902 082 
150D225X9020A2 
150D224X9035A2 


1500106X902032 
0160-0128 

1500106X902082 
1500105X9035A2 
1509105X9035A2 


25VBSL1000 
1500226X901582 
150D105X9035A2 
0180-0694 
1500105X9035A2 


1500105X9035A2 
1500105xX9035A2 
DM15F201J0300wVICR 
1500105X9035A2 
0160-2204 


150D224X9035A2 
1500105X9035A2 
150D224X9035A2 
0160-2605 
0160-0362 


1500105X9035A2 
0150-0093 
0160-0362 
150D105X9035A2 
150D105X9035A2 
0160—0195 
150D105X9035A2 
150D105X9035A2 
150D685X0006A2 


OLOJE-PwWR RECF 1OOV 
OLODVE-PWR RECT 100V 
DIODE-SWITCHING 80V 
DIODE-SWITCHING 80V 
DIQJE-SWITCHING 80V 


1.5A 
1.5A 
200MA 2NS 00-7 
200MA 2NS DO-7 
200MA 2NS DO-7 


SR1846-9 
SR1 846-9 
1901-0050 
1901-0050 
1901-0050 


1902-0631 
19061-0028 
1901-0028 
1901-0050 
19C2-Uu49 


OLODE-ZNR 1N5351B 14V 5% PO=5W TC=+752% 
DIODE-PWR RECT 400V 750MA 00-29 
DIGDE-PWR RECT 400V 750MA DO-29 
DIODE-SWITCHING 80V 200MA 2NS 00-7 
DIODE-ZNR 6.19V 5% DO-7 PO=.4W TC=+.0222 


1N53518 

1901-0028 
1901-0028 
1901-0050 
1902-0049 


1902-0126 
41902-0631 
1901-0u05v 
ALLRlo 1902-3136 


OLODE-ZNR 2.61V 5% O0O-7 PU=.4W TC=-.073% 
OLIDE-ZNR 1N535168 14V 5% PD=5w TC=+75% 
OLTODE-SWITCHING 80V 200MA 2NS 00-7 
OLODE-ZNR 8.060V 5% DO-7 PO=.4W TC=4+.0522 


SZ 10939-14 
1N53518 
1901-0050 

SZ 10939-155 


AlJL 1251-3195 
AlJd 1251-4313 
AlJ3 1251-3276 
Alv5 1251-3276 
AlJo 1251-2035 


CONNECTOR 4—-PIN M POST TYPE 
CONNECTOR 17-PIN M POST TYPE 
CONNECTOR 6-RIN M POST TYPE 
CONNECTOR 6-PIN M POST TYPE 
CONNECTOR-PC EDGE 15-CONT/ROW 2-ROWS 


09-60-1041(2403-04A) 
22-04-2181 
09-60-1061 
09-60-1061 
252-15-30-300 


AlsT 1251-4315 
AlJS 1251-4314 


CONNECTOR 7-PIN M POST TYPE 
CONNECTOR 15-PIN M POST TYPE 


22-04-2081 
22-04-2161 
AlLL 9140-0137 


COIL-MLD LMH 5% Q=60 .190X.44LG SRF=3MHZ 2500-28 


Alal 1653-0010 
Alud 1854-0210 
Alas 1854-0210 
ALQ4 1853-0010 
Alas 1854-0210 


TRANSISTOR PNP SI TU-18 PD=360MW 1853-0010 
TRANSISTOR NPN 2N2222 SI TO-1& PD=500MW 2N2222 
TRANSISTOR NPN 2N2222 SI TJ-18 PD=500MW 2N2222 
TRANSISTOR PNP SI TG-18 PD=360MW 1853-0010 
TRANSISTOR NPN 2N2222 SI TU-18 PD=500MW 2N2222 


Alw6 1853-0010 
Alu? 16 53-0020 
A1LO8 1853-0020 
Aly 1853-0020 
Aleil 1853-0409 


C46 4G 9160-3622 


TRANSISTOR PNP 
TRANSISTOR PNP 
TRANSISTOR PNP 


TO-18 PD=300MW 
PD=300MW FT=150MHZ 
PD=300MW FT=150MHZ 
TRANSISTOR PNP PD=300MW FI=1L50MHZ 
TRANSISTOR PNP DARL TO-220AB PD=60W 


CAPACITOR—FXD .1UF +80 —20% 100VDC CER 


1853-0010 
1853-0020 
1853-0020 
1853-0020 
1853-0409 


0160-3622 


SEE NOTE ON SCHEMATIC 8. 

SEE NOTE ON SCHEMATIC 10. 
SEE NOTE ON SCHEMATIC 10. 
SEE NOTE ON SCHEMATIC 10. 


See introduction to this section for ordering information 


6-3 


Table 6-3. Replaceable Parts (Cont'd) 


Reference 


Designation Mfr Part Number 


Description 


Algl2 1853-0409 
A1Q13 1853-0409 
Alwit 1853-0409 
Aluil5S 1853-0409 
Alwld 1853-0499 


TRANSISTOR PNP DARL TO-220AB PD=60W 
TRANSISTOR PNP DARL TO-220A8 PD=60W 
TRANSISTOR PNP DARL TO-220AB PD=60W 
TRANSISTOR PNP DARL TO-220AB PD=60W 
TRANSISTOR PNP DARL TO-220AB PD=60W 


1853-0409 
1853-0409 
1853-0409 
1853-0409 
1853-0409 


Alul7 1853-0409 
ALQ16 1853-0409 


TRANSISTGR PNP DARL TO-220AB PD=60W 
TRANSISTOR PNP DARL TO-220AB PD=60W 


1853-0409 
1853-0409 


ALR1L 
AlkK2 
ALKS 
ALK4 
AlkS 


ALRO 
AlK7T 
ALKS 
ALK9 
Alk1li 


AlkK12 
AlKi3 
ALK14 
ALKL5 
ALRKié 


ALRAT 
ALK18 
ALKLY 
Alkal 
Alk22 


AlK23 
AlK24 
ALK25 
Alk2éo 
Alx27 


ALK28 
Alwey 
ALK31L 
Alk3<c 
ALR33 


ALK34 
ALK35 
ALK36 
ALK37 
Alk3a 


A1LKS9 
A1LK40 
AlR41L 
AlLR42 
ALK43 


ALn44 
Aln45d 
Alnk4o0 
AlLR47 
AlK4s 


ALK49 
ALKSL 
Alnoé 
ALR55 
Alno4 


AlkK55 
ALK56 
AlLK5S7 
ALKSS 
ALK59 


ALROL 
Alnod 
AlKo3 
ALK64 
AlLKOS 


Alkoo 
AlLKO7T 
A1R68 Aa 
A1R69 Ag 
AiS1 
AldL 
Alué 
A1U3 
AlUs 
AluS 


0757-02390 
0757-0273 
0757-0290 
0757-0273 
0757-0283 


0757-0290 
0757-0273 
0757-0290 
0757-0273 
0757-0420 


0757-0801 
0098-4484 
0757-0349 
0757—0289 

0757-0419 


0757-0465 
0757-0349 
0757-0289 

0757-0419 
0757-0465 


06 98-4464 
0757—0289 

0757-0419 
0757-0465 
0698-4484 


0757-0349 
0757-0410 
0757-0455 
0757-0283 
0757-0442 


0757-0280 
0757-0442 
0757-0283 
0757-6253 
0757-0283 


0757-0283 
18 10-0055 
U757T-0199 
0757-0199 
0757-0273 


UT57-0442 
06 S$8-4453 
0757-0401 
0757-0358 
0757-0407 


0757-0407 
0757-0429 
0757-0280 
07 57-0429 
0757-0407 


06 98-4123 
0757-0283 
0757-0283 
0757-0283 
0757-0280 


0757-0280 
0757-0280 
0757-0420 
0757-0280 
0757-0260 


0757-0280 
0757-0280 
0757-0442 

0757-0401 

3101-1973 

1820-1200 
1820-1197 
1820-1053 
1820-1112 
1820-1200 


AA SEE NOTE ON SCHEMATIC 10. 
4B SEE NOTE ON SCHEMATIC 10. 
A| SEE NOTE ON SCHEMATIC 10. 


6-4 RevA 


RESISTOR 
RESISTOR 
RESISTOR 
RESIS1OR 
RESISTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
ReSISTOR 


RESISTOR 


6.19K 2125W F TC=0+-100 
3.01K 2125W F TC=04+-100 
6.19K 2125W F TC=0+-100 
3eU1K 12 .125W F TC=0+-100 
2K 12 .125W F TC=0+-100 


619K 1% .125W F TC=0+4+-100 
3-01K 1% .125W F TC=0+-100 
6.19K 1% .125W F TC=0+-100 
3e01K 1% .125W F TC=0+-100 
750 12 .125W F TC=0+-100 


150 1% .5w F TC=0+-100 
19.1K 12 .125W F TC=04#-100 
22.6K 1% .125W F TC=04+-100 
13.3K 1% «125W F TC=0+-100 
681 12 .125W F TC=0+-100 


100K 1% .425wW F TC=0+-100 
22-6K 1% .125W F TC=0+-100 
13.3K 1% .125W F TC=0+-100 
681 1% .125W F TC=0+-100 
100K 12 .125w F TC=0+-100 


19.1K 13 .125W F TC=0+-100 
13.3K 1% .125W F TC=0+-100 
681 12 .125W F TC=0+-100 

LOOK 1% .125w F TC=0+-100 
19.1K 1% .125W F TC=0+-100 


22-6K 1% .125W F TC=0+-i00 
301 1% .125W F TC=0+-100 
100K 1% .125W F TC=0+-100 
2K 1% .125W F TC=0+-100 
LIK 18 «125W F TC=0+-100 


1K 1% .125W F TC=0+-100 
10K 1% .125W F TC=0+-100 
2K 1% .125W F TC=0+-100 
2K 13 .125W F TC=0+-100 
2K 12% .125W F TC=0+-100 


2K 1% .125W F TC=0+-100 


NETWORK-RES 9-PIN-SIP .«15-PIN-SPCG 


RESISTOR 
RESISTOR 
RESISTOR 


RESISTOR 
RESISTOR 
RcSISTOR 
RESISTOR 
RESISTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
Re SISTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESISTOR 
RESISTOR 
RESTSTOR 
RESISTOR 
RESISIOR 
RESISTOR 


RESISTOR 
RESISTOR 


21.5K 1% .125W F TC=0+-100 
21.5K 1% .125W F TC=0+-100 
3.01K 1% .125W F TC=0+-100 


10K 1% .125wW F TC=0+#-100 
402 1% .125W F TC=0+-100 
100 1% .125W F TC=0+-100 
34 1% .125W F TC=04+-100 

200 1% .125W F TC=0#-100 


200 1% .125W F TC=0+-100 
1.82K 1% .125wW F TC=0+-100 
1K 1é .125W F TC=0+-100 
1.82K 12 .125W F TC=0+-100 
200 1% .125W F TC=0+-100 


499 1% .125W F TC=0+-100 
2K 1% .125W TC=0+-100 
13 21250 TC=0#-100 
1% .125W TC=0+-100 
1% .125wW TC=0+-100 


1% .125wW TC=0+-100 
1% .125W F TC=0+-100 
750 1% «i25W F TC=0+-100 
LK 1% .125W F TL=0+-100 
1K 1@ .125W F TC=0+-100 


1K 1% .125wW F TC=U+-100 
1K 1é@ .125W F TC=u0+-100 
10K 1% .125W 


RESISTOR 100 1% .125W F TC=0+—100 
SWITCH—SL 7—1A—NS DIP—SLIDE—ASSY .1A 


IC-DIGITAL SN74LSO5N TTL LS HEX 1 


IL-DIGITAL 


IC-DIGITAL SN7414N TTL HEX L 
IC-DIGITAL SN74LS74N TTL LS DUAL 
IC-DIGITAL SN74LSO5N TTL LS HEX 1 


See introduction to this section for ordering information 


SN74LSOON TTL LS QUAU 2 NAND 


MF4C1/8-TO-6191-F 
C4-1/8-T0-3011-F 
MF4C1/8-TO-6191-F 
C4-1/8-T0-3011-F 
C4-1/8-T0-2001-F 


MF4C1/8-T0-6191-F 
C4-1/8-T0-3011-F 
MF4C1/8-T0O-6191-F 
C4-1/8-T0-3011-F 
C4-1/8-T0-751-F 


MF 7C-1/2-T0-151-F 
C4-1/8-T0-1912-F 
C4-1/8-T0-2262-F 
C4-1/8-T0-1332—F 

C4-1/8-T0-681R-F 


C4-1/8-T0-1003-F 
C4-1/8-T0-2262-F 
C4-1/8-T0-1332—F 

C4-1/8-T0-681R-F 
C4-1/8-T0-1003-F 


C4-1/8-T0O-1912-F 
C4-1/8-T0-1332—F 

C4-1/8-TO-6381R-F 
C4-1/8-T0-1003-F 
C4-1/8-T0-1912-F 


C4-1/8-T0-2262-F 
C4-1/8-T0O-301R-F 
C4-1/8-T0-1003-F 
C4-1/8-T0-2001-F 
C4-1/8-T0-100 2-F 


C4-1/8-T0O-LOOL-F 
C4-1/8-T0O-1002-F 
C4-1/8-T0-2001-F 
C4-1/8-T0-2001-F 
C4-1/8-T0-2001-F 


C4-1/8-T0-2001-F 
1810-0055 

C4-1/8-T0-2152-F 
C4-1/8-T0-2152-F 
C4-1/8-T0-3011-F 


C4-1/8-T0-1002-F 
C4-1/8-T0-402R-F 
C4-1/8-T0-101-F 
C4-1/8-T0-34R0-F 
C4-1/8-T0-201-F 


C4-1/8-1T0-201-F 
C4-1/8-T0-1821-F 
C4-1/8-T0O-1001-F 
C4-1/8-T0-1821-F 
C4-1/8-T0-201-F 


C4-1/8-T0-499R-F 
C4-1/8-T0-2001-F 
C4-1/8-T0-2001-F 
C4-1/8-T0-2001-F 
C4-1/8-T0O-1001-F 


C4-1/8-T0-1001-F 
C4-1/8-TO-1L001-F 
C4-1/8-T0-751-F 

C4-1/8-T0-1001-F 
C4-1/8-T0-1001-F 


C4-1/8-T0-1001-F 
C4-1/8-T0-1001-F 
C4—1/8—TO—1002—F 
C4—1/8—-TO-—101—F 
206 TYPE 

SN74L SO5N 
SNT4LSOON 
SN7414N 
SNT4LS74N 
SNT74LSO5N 


Table 6-3. Replaceable Parts (Cont'd) 


Reference 
Designation 


Description Mfr Part Number 


1820-1558 IC-DIGITAL MC3441P TTL* QUAD MC3441P 
1820-ic06 IC-DIGITAL SN74LS27N TTL LS TPL 3 NOR SNT4LS27N 
1820-1199 é IC-DIGITAL SN74LSO4N TTL LS HEX 1 SNT4L SO4N 
1520-1558 IC-DIGITAL MC3441P TTL* QUAD MC3441P 
1820-1199 IC-DIGITAL SN74LSO4N TTL LS HEX 1 SN74LSO4N 


1820-1196 IC-DIGITAL SN74LS174N TTL LS HEX SN74L S174N 
1820-1556 IC-DIGITAL MC3441P TTL* QUAD MC3441P 
1620-1201 IC-DIGITAL SN74LSO8N TIL QUAD SNT4LSO08N 
1620-1197 IC-DIGITAL SN74LSOON TIL LS QUAD SN74L SOON 
1620-1193 IC-DIGITAL SN74LSO3N TTL QUAD SN7T4LS03N 


1820-1193 IC-DIGITAL SN74LSO3N TIL QUAD SN74LS03N 
1620-1198 IC-DIGITAL SN74LSO03N TTL QUAD SN74LS03N 
1620-1198 IC-DIGITAL SN74LS03N TTL QUAD SN74LSO3N 
1820-1196 IC-DIGITAL SN74LS174N TTL HEX SN74LSL74N 
1820-1196 IC-DIGITAL SN74LSL74N TTL HEX SNT4LS174N 


1820-1562 IC-OIGITAL SN74LS125N TIL QUAD 1 BUS SN74LS125N 
1820-1568 IC-DIGITAL SN74LS125N TIL QUAD 1 BUS SNT4LS125N 
1620-1196 IC-DJIGITAL SN74LS174N TIL HEX SNT4L SL74N 
1820-1196 IC-DIGITAL SN74LS174N TTL HEX SN74LS174N 
1820-1196 IC-DIGITAL SN74LS174N TTL HEX SN74LS174N 


1620-1112 IC-DIGITAL SN74LS74N TTL LS DUAL SNT4LST4N 
1906-0075 DIODE ARRAY 1906-0075 
1620-1280 IC-DIGITAL SN74LS181N TIL LS SNT4LS181N 
1820-1196 IC-DIGITAL SN74LS174N TIL LS HEX SNT4LS174N 
18 20-1280 IC-DIGITAL SN74LS181LN TTL LS SN74LS181N 


1620-1196 IC-DIGITAL SN74LS174N TTL LS HEX SN74LS1 74N 
1820-1208 IC-DIGITAL SN74LS32N TTL LS QUAD 2 OR SN74LS32N 
1820-1216 IC-DIGITAL SN74LS138N TTL LS 3 SNT4LS138N 
1620-1508 IC-DIGITAL SN74LS125N TTL LS QUAD 1 BUS SNT4LS1L25N 
1620-15638 IC-DIGITAL SN74LS125N TTL LS QUAD 1 BUS SN7T4LS125N 


18 20-1432 IC-DIGITAL SN74LS163N TIL LS BIN SN7T4LS163N 
18 20-1432 IC-DIGITAL SN74LS163N TTL LS BIN SNT4LSL63N 
1820-1201 IC-DIGITAL SN74LSO8N TTL LS QUAD 2 AND SN74L SO8N 
1820-1199 IC-OIGITAL SN74LSO4N TTL LS HEX 1 SNT4LSO4N 
4820-1112 IC-DIGITAL SNT4LS74N TIL LS QUAL SNT4LS74N 


1820-1216 IC-DIGITAL SN74LS138N TTL LS 3 SN74LS138N 
18 20-1568 IC-DIGITAL SN74LS125N TTL LS QUAD 1 BUS SN74LS125N 
1820-15638 IC-DIGITAL SN74LS125N TTL LS QUAD 1 BUS SN74LS125N 
1818-0199 IC AM91L1L2APC 1K RAM NMOS AMIL12APC 
1818-0199 IC AM9LL2APC 1K RAM NMUS AM9O112APC 


1820-1198 IC-DIGITAL SN74LSO3N TTL LS QUAD 2 NAND SN74L SO3N 
1820-1201 IC-DIGITAL SN74LSO8N TTL LS QUAD 2 AND SN74LSO8N 
1820-1423 IC-DIGITAL SN74LS123N TTL LS DUAL SN74LS123N 
1820-1199 IC-DIGITAL SN74LSO4N TTL LS HEX 1 SN74LS04N 
1820-1197 IC-DIGITAL SN74LSOON TTL LS QUAD 2 NAND SN74L SOON 


1820-1196 IC-DIGITAL SN74LS174N TTL LS HEX SN74LSL74N 
1820-1199 IC-DIGITAL SN74LSO4N TTL LS HEX 1 SN74LS04N 
4620-1206 IC-DIGITAL SN74LS27N TTL LS TPL 3 NOR SN74LS27N 
1620-1196 IC-DIGITAL SN74LS174N TTL LS HEX SN74LSL74N 
1820-1197 IC-DIGITAL SN74LSOON TTL LS QUAD 2 NAND SN74LSOON 


1620-1245 IC-OIGITAL SN74LS155N TTL LS DUAL 2 ANI4L5153N 
18 20-0987 IC ENCDR TTL L 8—INP 

1820-1196 IC-DIGITAL SN74LSL74N TIL LS HEX SN74LS1L74N 
1820-1198 IC-DIGITAL SN74LSO3N TTL LS QUAD 2 NAND SN74L SO3N 
1820-1198 IC-DIGITAL SN74LSO03N TTL LS QUAD 2 NANO SN74LS03N 


1620-1197 IC-DIGITAL SN74LSOON TTL LS QUAD 2 NAND SN74L SOON 
1820-1604 IC-DIGITAL SN74LS48N TTL LS 4 SN74L S48N 
182u-1i96 IC-OIGITAL SN74LS174N TTL HEX SN74LSLT74N 
1820-1245 IC-JIGITAL SN74LS155N DUAL 2 SN74LS1L55N 
1320-1196 IC-DIGITAL SN74LS174N HEX SN74LS174N 


4820-1196 IC-OIGITAL SN74LS174N HEX SNT4LSL74N 
1820-1190 IC-DIGITAL SN74LS174N HEX SN74LS174N 
1820-1199 IC-OIGITAL SN74LS1L74N HEX SN74L SL74N 
1820-1196 IC-DIGITAL SN74LS174N 5 HEX SNT4LS174N 
1620-1196 IC-DIGITAL SN74LS174N > HEX SN74LS174N 


1820-1740 IC-DIGITAL DS8863N MOS* DSPL ORVR DS8863N 
0410-1001 CRYSTAL, QUARTZ 1.3 MHZ 0410-1001 
1200-0485 SOCKET:1C 14-PIN PC MOUNTING 1200-0485 
1200-0473 SUCKET-IC 16-CONT DIP-SLOR 1200-0473 


0360-0086 *5US BAR-M&23 OBD 
03 60-0087 *BUS BAR-M823 08D 
5040-0170 GUIDE:PLUG-IN PC BOARD 5040-0170 


4A SEE NOTE ON SCHEMATIC 10. 


See introduction to this section for ordering information 


Reference 
Designation 


A2 


A2CkKl 
A2LRe 
A2UK3 
A2LRe 
A2LK5 


A2CRo 
A2Lk7 
A2CR8 
AZLKY 
A2CKid 


AZcRil 
Adzckle 
A2CR13 
A2dlk14 
AcLRILD 


A2CK16 
A2vK17 
A2UR16 
A2LK19 
AZLRcV 


Adcukel 
Advked 
A2LK<2> 
AceR24 
A2uKe5 


A2CKz5 
Adurel 
A2LR23 
A2LR2Z? 
ALZLR3U 


A2Ckol 
AZLRS2 
A2CK33 
A2LR34 
AZLR39 


A2duosML 
A2USMe 
A2U2M3 
A2USM+ 
A2USM> 


A2U3Mea—DSM8 
A2P1 


A2P2 


Ackl 
Aen2 
Adks 
nen 
ALK 


Ado 
Ackt 
AZKO 
A2kY 
A2k10 


AZKLL 
Adkle 
A2K13 
AZR14 
A2k1l> 


Adklo 
A2nli Aa 
A2K18 Aa 


AcS1—S28 


03455-66502 


19 90-0547 
1990-0547 
1990-0547 
1990-0547 
1990-0547 


1990-0547 
1990-0547 
1990-0547 
1990-0547 
1990-0547 


1990-0547 
1990-0547 
1990-0547 
1990-0547 
1990-0547 


1990-0547 
1990-0547 
1990-0547 
1990-0547 
1990-0547 


1950-0547 
1990-0547 
1990-0547 
1990-0547 
1990-0547 


1990-0547 
1990-0547 
1990-0547 
1990-0547 
1990-0547 


1990-0547 
1990-0547 
1950-0547 
1990-0547 
1990-0547 


1990-0539 
1950-0540 
1990-0540 
1990-0540 
1990-0540 


1990-0540 


1251-4340 

1251-3476 

0683-2015 
0083-2215 
06463-2215 
06 83-3505 
0663-3305 


00 43-3305 
0683-3305 
0683-3305 
06 83-3305 
06 85-3305 


06 83-3505 
1310-0229 
1810-0229 
1610-0229 
1610-0229 


1810-0229 
18 10-0206 
18 10- 0206 


5000-9430 


8120-2254 
03455-01601 


1200-0508 


4A SEE NOTE ON SCHEMATIC 10. 


6-6 RevA 


Table 6-3. Replaceable Parts (Cont'd) 


PC ASSEMBLY,» 


LED-VISIBLE 
LED-VISIBLE 
LEO-VISIBLE 
LEO-VISIBLE 
LEO-VISIBLE 


LeD-VISIBLE 
LEO-VISIBLE 
LeED-VISIBLE 
LED-VISIBLE 
LeO-VISIBLE 


LED-VISIBLE 
LED-VISIBLE 
LEO-VISIBLE 
LED-VISIBLE 
LED-VISIBLE 


LED-VISIBLE 
LED-VISIBLE 
LED-VISIBLE 
LED-VISIBLE 
LED-ViSIBLE 


LEO-VISIB6LE 
LED-VISIBLE 
LED-VISIBLE 
LED-VISIBLE 
LEO-VISIBLE 


LED-VISIBLE 
LED-VISIBLE 
LED-ViISIBLE 
LEO-VISIBLE 
LEO-ViISIBLE 


LED-VISIBLE 
LEO-VISIBLE 
LEO-VISIBLE 
LEO-VISIBLE 
LEO-VISIBLE 


DISPLAY-NUM 
DISPLAY-—NUM 
DISPLAY—NUM 
DILSPLAY—NUM 
OISPLAY—NUM 


DISPLAY-—NUM 


Description 


DISPLAY 


LUM-INT=2MCD 
LUM-INT=2MCD 
LUM-INT=2MCD 
LUM-INT=2MCD 
LUM- INT=2MC9 


LUM-INT=2MCO 
LUM-INT=2MCD 
LUM- INT=2MCD 
LUM-INT=2MCD 
LUM- INT=2MCD 


LUM-INT=2MCD 
LUM-INT=2MCD 
LUM- LNT=2MCD 
LUM-INT=2MCD 
LUM- INT=2MCD 


LUM-INT=2MCD 
LUM-INT=2MCD 
LUM- INT=2MCD 
LUM-INT=2MCD 
LUM-INT=2MCUD 


LUM- INT=2MCD 
LUM-INT=2MCD 
LUM-LNT=2MCD 
LUM-INT=2MCD 
LUM-INT=2MCD 


LUM-INT=2MCD 
LUM-INT=2MCD 
LUM-INT=2MCD 
LUM-INT=2MCD 
LUM- INT= 2MCD 


LUM-INT=2MCD 
LUM-INT=2MCD 
LUM- INT=2MCD 
LUM-INT=2MCD 
LUM- [NT=2MCD 


SEG .5-CHAR 
SEG 1-CHAR . 
SEG 1-CHAR « 


IF=20MA-MAX 
IF=20MA-MAX 
IF=20MA-MAX 
IF=20MA-MAX 
IF=20MA-MAX 


IF=20MA-MAX 
IF=20MA-MAX 
IF=20MA-MAX 
IF=20MA-MAX 
1F=20MA—MAX 


IF=20MA-MAX 
IF=20MA-MAX 
IF=20MA-MAX 
IF=20MA-MAX 
IF=20MA-MAX 


IF=20MA-MAX 
1F=20MA-MAX 
IF=20MA-MAX 
IF=20MA-MAX 
IF=20MA-MAX 


IF=20MA-MAX 
IF=20MA-MAX 
IF=20MA-MAX 
IF=20MA-MAX 
IF=20MA-MAX 


1F=20MA—MAX 
IF=20MA-MAX 
IF=20MA-MAX 
IF=20MA-MAX 
IF=20MA-MAX 


1F=20MA-MAX 
IF=20MA-—MAX 
IF=20MA—MAX 
IF=20MA-MAX 
IF=20MA-—MAX 


2408-H 
43-H 
43-H 


SEG 1-CHAK .43-H 


SEG 1-CHAR « 


SEG 1-CHAR . 


NO PART NUMBER; SEE A2W1 
CONNECTOR 16—PIN F POST TYPE 


CONTACT—CONN U/W POST TYPE FEM CRP (P/O P2) 


43-H 


43-H 


RESISTOR 200 5% .25w FC TC=-400/+600 


RESISTOR 220 5% 
RESISTOR 220 5% 


RESISTOR 
RESISTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESISTOR 

NETWORK-RES 
NETWORK-RES 
NETWORK-RES 
NETWORK-RES 


NETWORK-RES 
NETWORK-RES 
NETWORK-RES 


5% RS 
5% T 


58 T 
5% 
5% 
5% 5 T 
52 T 


5% us 
8-PIN-SIP ol 
8-PIN-SIP o1 
8-PIN-SIP .1 
8-PIN-SIP .1 


8-PIN-SIP ol 
8-PIN-SIP 21 
8-PIN-SIP 21 


PUSHBUTTON SWITCH 


*CABLE ASSEMBLY, DISPLAY 
CA3LE ASSEMBLY, KEYBOARD(INCLUDES P2) 


400/+600 
C=-400/+500 
C=-400/+500 


C=-400/+500 
400/+500 


C=-400/+500 
C=-400/+500 


C=-400/+500 
—PIN-SPCG 
—PIN-SPCG 
—PIN-SPCG 
—PIN-SPCG 


—PIN-SPCG 


—PIN-SPCG 
—PIN-SPCG 


(INCLUDES P1) 


SUCKET-IC 14-CONT OIP-SLDOR 


See introduction to this section for ordering information 


Mfr Part Number 


03455-66502 


1990-0547 
1990-0547 
1990-0547 
1990-0547 
1990-0547 


1990-0547 
1990-0547 
1990-0547 
1990-0547 
1990-0547 


1990-0547 
1990-0547 
1990-0547 
1990-0547 
1990-0547 


1990-0547 
1990-0547 
1990-0547 
1990-0547 
1990-0547 


1990-0547 
1990-0547 
1990-0547 
1990-0547 
1990-0547 


1990-0547 
1990-0547 
1990-0547 
1990-0547 
1990-0547 


1990-0547 
1990-0547 
1990-0547 
1990-0547 
1990-0547 


1990-0539 
1990-0540 
1990-0540 
1990-0540 
1990-0540 


1990-0540 


22-01-2161 
1251-3476 
CB2015 
CB2215 
CB2215 
C83305 
CB3305 


CB3305 
CB3305 
C83305 
C83305 
CB3305 


CB3305 

750-81-R330 
750-81-R330 
750-81-R330 
750-81-R330 


750-81-R330 
750—81—R10K 
750—81—R10K 


5060-9436 


8120-2254 
03455-61601 


1200-0508 


Table 6-3. Replaceable Parts (Cont'd) 


Reference 
Designation 


Description Mfr Part Number 


03455-66503 P.C. ASSEMBLY, PROCESSOR 03455-66503 


AlU 


AlvCL 
AluCe 
AluLs 
ALUL4 
ALuLS 


AlLULO 
AluLT 
ALUCo 
AluLy 


Alulil 


03455-69503 
0180-0210 


0180-0210 
0180-0210 


REBUILT EXCHANGE ASSEMBLY 
CAPACITOR-FXD 3-3UF#-202 
CAPACITOR-FXD 3.3UF+#-20% 
CAPACITOR-FXD 3.3UF+-20% 


15voC TA 
15vOC TA 
15VOC TA 


0757-0283 


0698-3155 


lo20-12u1 
1620-levl 
1620-1196 
1620-1199 
1820-1195 


1818-0266 
1618-0205 
1618-0204 
1820-1091 


4040-0743 


03455-06510 


0160—4479 

0100-2257 
U1 60-3466 
0i€0-0159 
0160-0154 


0150-0U71 
0150-0071 
01 80-0230 
0180-0230 
0160-0229 


AluLid 0100-0127 
ALULi>s U1 60-3466 
ALUCLS U1 00-3466 
Alucis U1L600-2306 
AluCivs 0140-02U4 


AluCl7 UVlou-2204 
Asvcls 0160-0230 


AlvCLgy 
Alucal 
Alucded 


0180-0230 
J¥160-4461 
0160-2257 


Alules 0160-0154 
Aluces 0160-2306 
Aluc25 0180-0195 
AluLco U1 60-3847 
ALuc27/ 01 60-3847 


AlUccd ULv0-03574 


Aluves 
Alvtsl 
AlvLse 


UiG0-2055 
016-2055 
0180-0230 


ALUCL3>5 O1L6U- 3047 


AlsLS% V1 80-0230 
ALUL3> 01 60-2U55 
ALULse 0160-2095 
Aluc37 0160-2055 
ALUL33 ul60-2U055 


Algv39 
Aloves 
AlULvee 


0160-2055 
0160-2055 
016U-2U55 


ALUL4> ¥160-2055 
ALUL44 0100-3460 


AluL4> 0180-6230 
ALUC4O 0160-0229 


ALUL4/ 


0160-2055 


AiuUL4o QlLov-2u55 
ALUL4y 0160-2055 


RESISTOR 2K 1% .125W F TC=U0+-100 


PADDING LIST 


RESISTOK 464K 1% .125W F TC=0+-100(5.0V) 


IC-DIGITAL SN74LSO8N TTL LS QUAD 2 AND 
IC-DIGITAL SN74LSO8N TTL LS QUAD 2 AND 
IC-DIGITAL SN74LSO3N TTL LS QUAD 2 NAND 
IC-OIGITAL SN74LSO4N TTL LS HEX 1 
IC-DIGITAL SN74LS175N TTL LS QUAD 


*IC, ROM—MOS 
*IC, ROM-MOS 
*1C, ROM-MOS 


IC-DIGITAL MGS 


EXTRACTGR-PC 8D BLK PULYC .062-6D-THKNS 


PeCe ASSEMBLY» 


CAPACITOR—FXD 
CAPACITUR-FXD 
CaPACITOR-FXD 
CAPACITOR-FXD 
CAPACI TOR-FXD 


CAPACI TOR-FXD 
CAPACI TOR-FXD 
CAPAC ITOR-FXD 
CAPACITOR-FXD 
CAPACI TOR-FXD 


CAPACLTUR-FXD 
CAPAC ITOR-FXD 
CAPACLTOR-FXD 
CAPACI TUR-FXD 
CAPAC LTGR-FXD 


CAPACI TOR-FXD 
CAPACI TGR-FXD 
CAPAC ITOR-FXO 
CAPACI TOR-FXD 
CAPACITOR-FXD 


CAPACI TUR-FXD 
CAPAC LTOR-FXD 
CAPACITOR-FXv 
CAPACITGR-FXO 
CAPACI TUR-FXD 


CAPACLTOR-FXD 
CAPACI TOR-FXD 
CAPACI TOR-FXD 
CAPACI TOR-FXD 
CAPAC ITOR-FXD 


CAPACITOR-FXAD 
CAPACI TOR-FXD 
CAPACI TOR-FXD 
CAPACI TOR-FXD 
CAPACI TOR-FXD 


CAPACI TOR-FXD 
CAPACI TOR-FXD 
CAPACI TOR-FXD 
CAPACI TOR-FXD 
CAPAC LTOR-FXD 


CAPACLTOR-FXD 
CAPAC ITOR-FXD 
CAPACI TOR-FXD 
CAPACITUR-FXD 
CAPACITOR-FXD 


4C SERIAL NUMBERS 1622A01806 AND ABOVE. REPLACES 0160-0159. 


4H SEE NOTE ON SCHEMATIC 8. 


INGD M6 


220PF +—10% 

LOPF #-5% 500wVDC CER 
LOOPF #-10% LOOOWVDC CER 
6800PF +#-10% 200 VOC POLYE 
220PF #-5% 300WVDC MICA 


400PF +-5% LOVOWVDC CER 
400PF +-5% LUuOOWVOC CER 
LUF#-20% S5OVDC TA 
1LUF#-20% 5OVDC TA 
33UF+-10% Lovoc TA 


LUF +-20% 25WVDL CER 
LOOPF +-10% LOUVOwVOC CER 
LOOPF #-10% LOOOWVOC CER 
27PF +-5% 300WVDC MICA 
47PF +-5% SOOWVOC MICA 


LOOPF #-5% 300WVOC MICA 
1LUF+#-20% SOVDC [A 

LUF+#-20% 5OVOL TA 

150PF #-2.5% 16UWVDC POLYP 
1O0PF #-5% 500WVDC CER 


2200PF +-10%¢ 200WVDC POLYE 
27PF #-5% 300wVOC MICA 
233UF+-20% 35V0C TA 

2OLUF #100-0% 5OWVDC CER 
2OLUF #100-0% 50WVDC CER 


LOUF+-10% 20vDC TA 
sO1UF +80-20% LOOWVDC CER 
sOLUF +#50-20% 1O0WVOC CER 
luUF+-20% 50V0C TA 
«O1UF +#100-02 50wVDC CER 


LUFt#-20% 50VDC TA 

2O1UF +80-20% LOOwVOC CER 
2OLUF #60-20% LOOWVDC CER 
2O1UF #80-20% LOOWVDC CEK 
eOLUF #80-20% LOOWVDLC CER 


2O1UF +#60-20% LOOWVDC CER 
2O1LUF #60-20% LOOWVDC CER 
2O1UF #80-204 LOOWVDC CER 
eOLUF #80-20é 1LOOwWVDC CER 
1OOPF #-10% LO0OWVDC CER 


LUF4#—-20% 50VUC TA 
33UF4-10% lovDC TA 
2OLUF +60-20% LUOWVOC CER 
2OLUF +80-20% LUOWVEC CER 
eOLUF +60-2U% LUOmVDC CER 


03455-69503 
1500335X0015A2 
150D335xX0015A2 
1500335X001 5A2 


C4-1/8-TO-2001-F 


C4-1/8-T0-464!-F 


SN74LSO8N 
SN74LSO08N 
SN74L SO3N 
SNT4LSO4N 
SNT74LSL75N 


1818-0266 
1818-0265 
1818-0264 
1820-1696 


4040-0748 


03455-66519 


0160—4479 

0160-2257 
0160-3466 
0160-0159 
0160-0134 


0150-0071 
0150-0071 
150D105xX0059A2 
1500105X0050A2 
1500336X901082 


0160-0127 
0160-3466 
0160-3466 
0160-2306 
DML5E470J0590WV1CR 


0160-2204 
150D105x0050A2 
150D1L05X0059A2 
0160-4461 
0160-2257 


292P22292 
0160-2306 
150D334X0035A2 
0160-3847 
0160-3847 


1500106X902 032 
0160-2055 
0160-2055 
150D105X0050A2 
0160-3847 


150D105X0050A2 
0160-2055 
0160-2055 
0160-2055 
0160-2055 


0160-2055 
0160-2055 
0150-2055 
0160-2055 
0160-3466 


150D105X005 0A2 
150D 336X901 062 
0160-2055 
0160-2055 
0160-2055 


See introduction to this section for ordering information 


RevA_ 6-7 


Table 6-3. Replaceable Parts (Cont'd) 


Reference 


Designation Description 


Mfr Part Number 


ALvULSL 
ALOUS2 
ALOLD3 
A1UL54 
ALOLSS 


AluC5o 
ALOUD7 
Aluuds 
AlLUC5Y 
AluCoi 


AlJlo2d 
AlUL63 
ALULO5S 
ALUL6O 


AlvCKL 
AlUCK2 
ALOCKS 
ALULK4S 
AlLUCR> 


ALULKO 
ALULK7 
AlLUCKO 
ALUCKY 
AlvcRiL 


AluCR1L2 
ALUCKis 
ALOLKIL4 
Aluckl> 
AlULKLS 


ALUCK17 
ALOLRLG 
AluUCRiY 
ALloCK2l 
AlUlKed 


ALUCKSS 
ALuLK e+ 
ALUCK25 
AlJCKeS 
AlucKél 


ALUCK23 
AdutRed 
ALULKSL 
AlLULRSe 
AlULKS3 


ALULKS4 
ALOLK39 
ALUCK4> 
ALULCK>7 
ALOCK3¢4 


ALULK39 
ALOCK41L 
ALUCK4e 
ALULK43 
AlLUCK 44 


ALOLR4> 
ALULR4O 
ALUCR4&/ 
AlJUCK45 
ALUCK49 


ALULKOL 
ALULKD2 
ALUCKI> 
ALULR54 
AluCk>5 


ALVULRDO 
ALUCKST 
AluCkKos 
ALULCK>Y 
AluCkoi 


ALOLKOE 
AluCKos 
ALUCR0O4 
AlULKOD 
ALULKOD 


0160-2055 
0160-2605 
U1L00-2605 
0180-0230 
Olov-v1l27 


0180-0230 
0180-2028 
0160-2628 
0180-0230 
0180-0693 


01 80-0693 
01 80-0230 
O1 80-0695 
0180-0230 


1901-0586 
1901-0536 
1902-3104 
19C1-0050 
1901-0050 


1901-0050 
1902-0184 
1901-0050 
1902-0184 
1902-0184 


1901-0050 
1901-0050 
1902-3002 
1902-0049 
1901-0u05)0 


1901-0050 
4901-0586 
1901-0586 
1901-U580 
1901-0586 


1901-0050 
1961-0050 
19C1-0050 
1901-0050 
1901-0370 


1901-0376 
1902-0184 
1902-0134 
1901-0050 
19C€1-Gu50 


1901-0050 
1901-0050 
1901-0050 
19C1-0050 
1901-0050 


1901-0050 
1901-0050 
1901-0050 
1901-0050 
1901-0050 


1901-0050 
1901-0u5u 
1901-0050 
1901-0028 
1901-0028 


1901-0028 
19Cl-0U28 
190i-0U28 
1901-0028 
1901-0028 


1901-0028 
19C1-0u28 
1901-0u28 
i9C1-v0uU50 
1902-0049 


1901-0200 
19Cl-vu200 
1902-0170 
1902-0049 
1902-0176 


CAPACITOR-FXD 
CAPACITOR-FXD 
CAPACiTOR-FXD 
CAPACI TOR-FXD 
CAPAC{TUR-FXD 


CAPACI TOR-FXD 
CAPACI TOR-FXD 
CAPACI TOR-FXD 
CAPACI TOR-FXD 
CAPAC ITOR-FXD 


CAPACITOR-FXD 
CAPACITOR-FXD 
CAPAC ITOR-FXD 
CAPACI TUR-FXD 


OIUDE-GEN PRR 
OLODE-GEN PRP 
DIODE-ZNR 5.62V 
OLODE-SWITCHING 
OLODE-SWITCHING 


DIODE-SWITCHING 
DIIDE-ZNR 16.2V 
DIOJE-SWITCHING 
DIODE-ZNR 1lo.2Vv 
DIODE-ZNR 16.2V 


OIOJE-SWITCHLNG 
OLODE-SWITCHING 
OIQOE-ZNR 2.37V 
DIODE-ZNR 6.19V 
DIODE-SWITCHING 


DIOVE-SWITCHING 


2OLUF *#80-20% LOOWVDC CER 
202UF +80-20% 25WVDC CER 
2O2UF +#80-20% 25WVDC CER 
1UF+#-20% 50VDC TA 

LUF +-20% 25WVDC CER 


1LUF#-202 50VDC TA 
220UF+#50-10% SOVOC AL 
220UF+5U-10% 50VDC AL 
1UF+-20% 50VO0C TA 
LOOOUF+#50-10@ 25VDC AL 


LOQOUF+50-108 25VDC AL 
1UF+#-20% SOVDC TA 
4200UF+#100-10% 12VDC AL 
1UF+-20% 50VDC TA 


30V 25MA TO-72 

30V 25MA TO-72 

52 DO-7 PD=.4W TC=+.016% 
80V 200MA 2NS DO-7 

80V 200MA 2NS DO-7 


80V 200MA 2NS DO-7 
5% DO-7T PD=.4W TC=+.066% 
80V 200MA 2NS 00-7 
5% DU-7 PO=.4W TC=+.066% 
5% DO-7T PD=.4w TC=+.066% 


80V 200MA 2NS DU-7 
80V 200MA 2NS 00-7 
5% DO-7T PD=.4n TC=-.074% 
5% 00-7 PO=.4W TC=+.022% 
80V 200MA 2NS DO-7 


8O0V 200MA 2NS DO-7 


DIODE-GEN PRP 30V 25MA TO-72 
DIGDE-GEN PRP 30V 25MA TO-72 
DIODE-GEN PRP 30V 25MA TU-72 
DIODE-GEN PRP 30V 25MA TO-72 


DIQDE-SWITCHING 80V 200MA 2NS 
DIGDE-SWITCHING 80V 200MA 2NS 
DIOQDE-SWITCHING 80V 200MA 2NS 
DIODE-SWITCHLNG 80V 200MA 2NS 
DIODE-GEN PRP 35V 50MA DO-7 


DIODE-GEN PRP 35V SOMA 00-7 

DIOVE-ZNR 16.2V 5% VO-7 PD=.4W TC=+.066% 
DIQDE-ZNR 16.2V 5% DO-7 PD=.4W TC=+.066% 
DIOJE-SWITCHING 80V 200MA 2NS DU-7 
UIOVE-SWITCHING 80V 200MA 2NS DO-7 


DIODE-SWITCHING 8UV 2U0MA 2NS DO-7 
DIODE-SWITCHING 80V 2U0MA 2NS DO-7 
DIOQDE-SWITCHING 80V 200MA 2NS DO-7 
DIUDE-SWITCHING 80V 200MA 2NS DO-7 
DIGDE-SWITCHING 80V 200MA 2NS 00-7 


DIUDE-SWITCHING 80V 200MA 2NS DO-7 
DIODE-SWITCHENG 80V 200MA 2NS DO-7 
DIODE-SWITLHING 80V 200MA 2NS DU-7 
DIUDE-SWITCHING 80V 200MA 2NS DO-7 
DIGJE-SWITCHING 80V 200MA 2NS DU-7 


DIODE-SWITCHLNG 80V 2U0MA 2NS DO-7 
DLiODE-SWITCHING 80V 200MA 2NS DO-7 
DIODE-SWITCHING 80V 200MA 2NS DO-7 
DIOGDE-PwWR RECT 400V 750MA 00-29 
DIGDE-PWR RECT 400V 7T50MA 00-29 


DIGDE-PWR RECT 400V 750MA DO-29 
DLODE-PWR RECT 400V 750MA DO-29 
DIODE-PWR RECT 400V 750MA DO-29 
DIODE-PWR RECT 400V 750MA DO-29 
DIUDE-PWR RECT 400V 750MA DO-29 


DIODE-PWR RECT 400V 750MA 00-29 
DIODE-PWR RECT 400V 750MA 00-29 
DIODE-PWR RECT 400V 750MA 00-29 
DIODE-SWITCHING 80V 200MA 2NS DO-7 
DIOJE-ZNR 6.19V 5% OO-7 PL=.4W TC=+.022% 


DIODE-PWR RECT LOOV 1.5A 
DLODE-PWR RECT 1LOOV 1.54 
DIJOVE-ZNR 47.5V 5% DO-15 PD=LW TC=+.081e 
DIOQDE-ZNR 6.19V 5% DO-7T Pu=.4W TC=+.022% 
DIODE-ZNR 47.5V 5% DO-15 PD=1lW TC=+.081% 


See introduction to this section for ordering information 


0160-2055 
0160-2605 
0160-2605 
150D105X0050A2 
0160-0127 


1500105x0050A2 
0180-2628 
0180-2628 
150D105X0050A2 
25VBSL1000 


25VBSL1000 
1500105X0050A2 
0180-0695 
150D105X0050A2 


1901-0586 
1901-0586 
CD 35634 
1901-0050 
1901-0050 


1901-0050 
SZ 10939-242 
1901-0050 
SZ 10939-242 
SZ 10939-242 


1901-0050 
1901-0050 
CD 35526 
1902-0049 
1901-0050 


1901-0050 
1901-0586 
1901-0585 
1901-0586 
1901-0586 


1901-0050 
1901-0050 
1901-0050 
1901-0050 
1901-03 76 


1901-0376 
SZ 10939-242 
SZ 10939-242 
1901-0050 
1901-0050 


1901-0950 
1901-0050 
1901-0050 
1901-0050 
1901-0050 


1901-0050 
1901-0050 
1901-0050 
1901-0050 
1901-0050 


1901-0050 
1901-0050 
1901-0050 
1901-0028 
1901-0028 


1901-0028 
1901-0028 
1901-0028 
1901-0028 
1901-0028 


1901-0028 
1901-0028 
1901-0028 
1901-0050 
1902-0049 


SR1846-9 
SR1846-9 
$Z-11213-335 
1902-0049 
$Z-11213-335 


Table 6-3. Replaceable Parts (Cont'd) 


Reference HP Part Abe Mfr 


ALULKol 4902-3104 DIQDE-ZNR 5.62V 5% DO-7 PD=.4W TC=+.0162 CD 35634 
ALULKoo 1902-0631 DIGOE-ZNR 1N53518 14V 5% PD=5w TC=+75% 1N53518 
ALULROY 1901-0050 DIQDE-SWITCHING 80V 200MA 2NS 00-7 1901-0050 
A10CR71, 72 A 1901—0050 DIODE—SWITCHING 80V 200MA 2NS DO-—7 1901-0050 
Alvel 1970-0077 1 *SURGE V PTCIR 1970-0077 
AlvEe 8110-0052 1 WIRE-RES 2.6-OHM/FT .O1-DIA 8110-0052 
Alusl 1251-2035 CONNECTOR-PC EDGE 15-CONT/ROW 2-ROWS 252-15-30-300 
Alvve 1251-2035 CONNECTOR-PC EDGE 15-CONT/RUW 2-ROWS 252-15-30-390 
AluJ3 1251—4189 L CONNECTOR-—PC EDGE 15—CONT/ROW 2 ROWS 
AlvJ4 1251-4325 a CUNNECTOR 10-PIN M POST TYPE 1251-4325 
Alus5S 1251-3192 1 CONNECTOR 3-PIN M POST TYPE 09-60-1031(2%03-03A) 
ALUKL 0490-0740 1 RELAY =REED 0490-0740 
ALUK2 0490-00603 il RELAY-REEO 1A 100MA 1000V0C S5VDC-COIL 0490-0663 
AlUK3 0490-0663 RELAY-REED 1A LOOMA 1000VDC 5VDC-COIL 0490-0663 
ALUKS 0490-0664 4 RELAY-REED 1A 1OOMA 250VDC 5VDC-COIL 0490-0664 
ALUKS 0490-0663 RELAY-REED 1A 100MA 1000VDC 5VOC-COIL 0490-0663 
ALOKo 0490-0663 RELAY-REED 1A 100MA 1000VDC 5VDC-COIL 0490-0663 
ALUK7T 0490-664 RELAY-REED 1A 1LOOMA 250VDC 5VOC-COIL 0490-0664 
AlUKad 0490-0664 RELAY-REED 1A 1OOMA 250VDC 5VDC-COIL 0490-0664 
ALOKS 0490-0664 RELAY-REED 1A 100MA 250V0C S5VDC-CUIL 0490-0664 
AluLi 91CO- 1641 1 COIL—MLD 240UH 5% Q=65 .155DX.375LG 15/243 
A10P1 1251-4311 1 CONNECTOR 8-—PIN F POST TYPE 22—01—2081 
1251-3476 CONTACT—CONN U/W POST TYPE FEM CRP (P/O P1) 1251-3476 
A10P3 1251—4310 t CONNECTOR 2-PIN F POST TYPE 22—01- 1021 
ALOuwL 50 &8-7028 4 TRANSISTOR, FET 5088-7028 
Aluwe 50 83-7028 TRANSISTOR, FET 5088-7028 
Aluws AD 5090-7097 9 TRANSISTOR», FET 5090-7047 
Aluue AD 5.090=7047 TRANSISTOR, FET 5090-7047 
AivQg5 1855-0308 1 TRANSISTOR-JFET OUAL N-CHAN O-MODE SI 1855-0308 
ALUQo 1855-0247 3 TRANSISTOR-JFET DUAL N-CHAN D-MODE TO-71 1855-0247 
Aluw7 1854-0071 13 TRANSISTOR NPN SI PO=300MW FI=200MHZ 1854-0071 
ALvUd 1853-0086 L TRANSISTOR PNP SI PD=310MW FT=40MHZ 1853-0086 
AlJUg9 1853-0020 TRANSISTOR PNP SI PD=300MW FI=150MHZ 1853-0020 
Alugli 1854-0071 TRANSISTOR NPN SI PD=300MW FT=200MHZ 1854-0071 
Aivyle 1854-0087 3 TRANSISTOR NPN SI PD=360Mw FT=75MHZ 1854-0087 
Alvals 30 88-7028 TRANSISTOR» FET 5088-7028 
Alvw14 50 88-7028 TRANSISTOR» FET 5088-7028 
Aluwirs AD 5090-7047 TRANSISTOR», FET 5090-7047 
ALuglo AD 5090-7047 TRANSISTOR, FET 5090-7047 
AlvuGil 1855-0246 2 TRANSISTOR-JFET DUAL N-CHAN D-MODE TO-71 1855-0246 
Alvis AD 5090-7047 TRANSISTOR, FET 5090-7047 
Aluvwly AD 5090-7047 TRANSISTOR, FET 5090-7047 
Aduudi AD 5090-7047 TRANSISTOR, FET 5090-7047 
AlUwec 1855-0420 ll TRANSISTOR J-FET 2N4391 N-CHAN D-MODE 2N4391 
Alvwes 1854-0087 TRANSISTOR NPN SI PO=360MW FT=75MHZ 1854-0087 
Alvu24 1554-0071 TRANSISTOR NPN SI PD=300MW FT=200MHZ 1854-0071 
Aluwes 1854-0071 TKANSISTOR NPN SI PD=300MW FT=200MHZ 1854-0071 
Aivuco 1853-0020 TRANSISTOR PNP SI PO=300MW FI=150MHZ 1853-0020 
Aluud7T 1655-0368 6 TRANSISTOR J-FET N-CHAN D-MODE TO-72 SI 1855-0368 
Alvue3 1855-0368 TRANSISTOR J-FET N-CHAN D-MUDE TO-72 SI 1855-0368 
AlL0ue9 1855-0368 TRANSISTOR J-FET N-CHAN D-MODE TO-72 SI 1855-0368 
Alvwsi 1855-0244 2 *TRANSISTOR, JFET N-CHANNEL ZN4857 1855-0244 
Alvuse 1855-0244 *TRANSISTOR, JFET N-CHANNEL ZN4857 1855-0244 
AluwWs3 1855-0420 TRANSISTOR J-FET 2N4391 N-CHAN O-MODE 2N4391 
Aluwo4 1855-0420 TRANSISTOR J-FET 2N4391 N-CHAN D-MODE 2N4391 
ALUw59 1655-0368 TRANSISTOR J-FET N-CHAN D-MODE TO-72 SI 1855-0368 
AlUWs0 1855-C598 TRANSISTOR J-FET N-CHAN D-MODE TO-72 SI 1855-0368 
Aluwsl + 1855-0460 1 TRANSISTOR-JFET DUAL N-CHAN D-MODE T0-71 1855-0460 
AlUQ30 AD 5090-7047 TRANSISTOR, FET 5090-7047 
Aivys9 AD 5090-7047 TRANSISTOR, FET 5090-7047 
Aluvw4J 18 55-0368 TRANSISTOR J-FET N-CHAN D-MODE TO-72 SI 1855-0368 
ALQU4Gi 1853-0u20 TRANSISTOR PNP SI PD=300MW FT=150MHZ 1853-0020 
Aluuse 13853-0020 TRANSISTOR PNP SI PD=300MW FT=150MHZ 1853-0020 
ALUW43 1653-0020 TRANSISTOR PNP SI PD=300MW FT=150MHZ 1853-0020 
A1LU044 14654-0071 TRANSISTOR NPN SI PO=300MW FT=200MHZ 1854-0071 
ALvw45 1654-0071 TRANSISTOR NPN SI PD=300MW FT=200MHZ 1854-0071 
AlUu4e 1853-0020 TRANSISTOR PNP SI PD=300MW FT=150MHZ 1853-0020 
AlUKL 0813-0032 2 RESISTOR 50K 5% 5W PW TC=0+-20 RS-5 
Aiuke U8 15-0U32 RESISTUR 50K 52 5W PW TC=0+-20 RS-5 
ALOKS 0693-8737 12 RESISTOR LOOK 5% .25W CC TC=-400/+800 CB1045 
ALUKe 06098-8737 RESISTOR 100K 5% .25W CC TC=-400/+800 CB1045 
Alun> 0063-1535 4 RESISTOR 15K 5% .25W FC TC=-400/+800 CB1535 
ALUKO 0653-2445 2 RcSISTOR 240K 5% .25W FC TC=-800/+900 CB2445 
ALUKT 0633-2445 RESISTOR 240K 5% .25W FC TC=-800/+900 CB2445 
Aluko U757-0446 2 RESISTOR 15K 1% .125W F TC=04#-100 C4-1/8-T0-1502-F 
ALUKY 0757-0445 RESISTOR 15K 1% .125W F TC=0+-100 C4-1/8-T0-1502-F 
Alukli AC 0683-1325 9 RESISTOR 1.3K 9% 25a FC TC=-400/+700 C81325 


AC SERIAL NUMBERS 1622A01806 AND ABOVE. REPLACES 0683-2025. 
4D SEE NOTE ON SCHEMATIC 1. 
4 Diodes CR71 and CR72 apply only to serial numbers 1622400411 and above. 


See introduction to this section for ordering information 
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Reference 
Designation 


ALOKRi2 
AlURLS 
ALUKL4 
ALUK1S 
AlURLo 


ALORIZ 
ALURLO 
AlUR1ly 
ALOK21L 
Aluk2e2 


AlURZ5 
AlUKe4 
ALORZ5> 
AluR2o 
AluK27 


AlUK2o 
Aluncd 
AluUKSL 
ALOKRS2 
ALUK33 


ALUR34 
AlUR35 
ALUK30 
ALOK37 
ALOK38 


Al1UK39 
Alun4al 
AluRee 
ALUK4s 
ALUK44 


ALUK4> 
ALUR4O 
ALOR47 
AluK4o 
AlUK4- 


Alukol 
AlUKDS2 
AluKD> 
ALUKS4S 
AluK5> 


ALUKSO 
ALORST 
AlUKDSU 
ALUKSy 
Alvké1 


AluKkod 
ALOKOS 
ALURO4 
Aivnod 
ALUREO 


AlukKoT 
ALUKOO 
AlUROy 
AluUR7L 
ALvKT?2 


ALUK73 
ALOKT4 
ALURT5> 
AlLURK70 
ALURTT 


AlLUK7a6 
ALURTY 
Alukol 
ALLURE 
ALURKOS 


AluKs4 
AlJKo> 
ALUKOO 
ALURGT 
AlUR86 


ALURGY 
Aluk9L 
ALUKIE 
ALuUKY>S 
ALOKI4 


6-10 


06 83-3325 
0658-8737 
0683-1015 
0623-8225 
00435-1535 


0683-2035 
0698-4479 
0698-3136 
06 83-5625 
0683-5625 


0683-1535 
0698-8777 
0698-4479 
0683-1825 
0683-2215 


06 83-5145 
0698-8737 
0683-1035 
0683-5625 
0683-9115 


0693-8737 
08 11-3415 
0698-8776 
0683-2035 
0698-8777 


0098-8737 
0698-8093 
0698-8692 
06 98-8693 
0698-8737 


0683-5135 
0698-8777 
08 11-3461 
1810-0232 
1810-0232 


0098-8737 
0683-2025 
0683-6225 
06 98-7332 
0698-7332 


0663-5145 
0698-6320 
06 98-6320 
06093-1u4L 
0693-1041 


0698-8737 
0311-3461 
0698-38777 
0683-75345 
2100-3583 


06 83-2025 
0698-8737 
0757-0465 
0757-0405 
0683-2015 


0757-0460 
06 83-4725 
06 83-1035 
0683-2035 
0083-4725 


06 83-4725 
0698-8777 
0683—2025 
0663-9145 
0698-8737 


0663-1035 
0698-8737 
0698-8777 
0698-8777 
0683-5115 


0683-5115 
0683-2035 
0633-2035 
U683-3U25 
06 83-2025 


Table 6-3. Replaceable Parts (Cont'd) 


HP Part 
| Niner [0% | __Seereton 


ReSISTOR 3.3K 5% .25W FC TC=-400/+700 
RESISTOR LOOK 5% .25wW CC T 

RESISTOR 100 5% .25W FC TC 

RESISTOR 8.2K 5% .25W FC T 

RESISTOR 15K 5% .25W FC TC=-400/+800 


RESISTOR 20K 5% .25W FC TC=-400/+800 
RESISTOR 14K 1% .125W F TC=0+-100 
RESISTOR 17.8K 1% .125W F TC=0+-100 
RESISTOR 5.6K 5% 225W FC TC=-400/+700 
RESISTOR 5.6K 5% .25W FC TC=-400/+700 


RESISTOR 15K 5% «25W FC TC=-400/+800 
RESISTOR» FXO 1000 OHM .05 

RESISTOR 14K 1% .125W F TC=0+-100 
RESISTOR 1.8K 5% .25W FC TC=-400/+700 
RESISTOR 220 5% .25W FC TC=-400/+600 


RESISTOR 510K 5% .25W FC TC=-800/+900 
RESISTOR LOOK 5% .25W CC TC=-400/+800. 
RESISTOR 10K 5% .25W FC TC=-400/+700 
RESISTOR 5.6K 5% «258 FC TC=-400/+700 
RESISTOR 910 5% .25wW FC TC=-400/+600 


RESISTOR LOOK 5% .25W CC TC=-400/+800 
RESISTOR 76.8 1% 1W PW TC=04+-20 
*RESISTOR, FXO 10 OHM .05 

RESISTOR 20K 5% .25wW FC TC=-400/+800 
RESISTOR», FXD 1000 OHM .05 


RESISTOR 1OOK 5% .25W CC TC=-400/+800 
RESISTOR 20K 12 .125W F TC=0+-25 
RESISTOR 160K 12 .125W F TC=04+-25 
RESISTOR 20K 1% .125W F TC=0+-25 
RESISTOR LOOK 52% .25w CC TC=-400/+800 


RESISTOR 51K 5% .25W FC TC=-400/+800 
RESISTOR» FXD 1000 OHM .05 

RESISTIVE SET» 10M/100 KOHM (INCLUDES R63) 
NETWORK-RES 8-PIN-SIP .1-PIN-SPCG7X100K 
NETWORK-RES 8-PIN-SIP .1-PIN-SPCG 7X100K 


RESISTOR LOOK 5% .25wW CC IC=-400/+800 
RESISTOR 2K 5% .25W FC TC=-400/+700 
RESISTOR 6.2K 5% .25W FC TC=-400/+700 
RESISTOR 1M 12 .125a F TC=0+-100 
RESISTOR 1M 1% .125W F TC=0+-100 


RESISTOR 510K 5% .25W FC TC=-800/+900 
RESISTOR 5K 21% 2125W F TC=04+-25 
RESISTOR 5K 21% 2125W F TC=04#-25 
RESISTOR LQOK 10% 2W CC TC=0+882 
RESISTOR 100K 10% 2wW CC TC=0#882 


RESISTOR LOOK 5% .25wW CC TC=-400/+800 
RESISTIVE SET» 10M/100 KOHM (INCLUDES R47) 
RESISTOR, FXD 1U0Q0 OHM .05 

RESISTOR 75K 5% .25W FC TC=-400/+800 
RESISTOR-TRMR 50 10% C TOP-ADJ 1-TRN 


RESISTOR 2K 5% «25W FC TC=-400/+700 
RESISTOR 100K 5% .25W CC TC=-400/+800 
RESISTOR LOOK 1% .125wW F TC=0+-100 
RESISTOR LOOK 1% .125W F TC=0+-100 
RESISTOR 200 5% .25W FC TC=-400/+600 


RESISTOR 61.9K 1% .125wW F TC=0+-100 

RESISTOR 4.7K 5% .25W FC IC=-400/+700 
RESISTOR LOK 5% .25W FU TC=-400/+700 
RESISTOR 20K 5% .25W FC TC=-400/+800 
RESISTOR 4.7K 5& .25W FC TC=-400/+700 


RESISTOR 4.7K 5% «25W FC TC=-400/+700 
RESISTOR FXD 1000 OHM .05 

RESISTOR 2K 5% .25W FC TC=400/+800 
RESISTOR 9LOK 5% .25wW FC TC=-800/+900 
RESISTOR LOOK 5% .25W CC TC=-400/+800 


RESISTOR LOK 5% .25W FC TC=-400/+700 
RESISTOR LOOK 5% .25W CC TC=-400/+800 
RESISTOR», FXD 1000 OHM .05 
RESISTOR, FXD 1000 OHM .05 
RESISTOR 510 5% «25W FC TC=-400/+600 


RESISTOR 510 5% .25a FC TC=-400/+600 
RESISTOR 20K 5% .25W FC TC=-400/+800 
RESISTOR 20K 5% .25W FL TC=-400/+800 
RESISTOR 3K 5% .25W FC TC=-400/+700 
RESISTOR 2K 5% .25W FC TC=-400/+700 


See introduction to this section for ordering information 


Mfr Part Number 


CB3325 
CB1045 
CB1015 
C88225 
CB1535 


CB2035 
C4-1/8-T0-1402-F 
C4-1/8-T0-1782-F 
CB5625 
CB5625 


C81535 

0698-8777 
C4-1/8-T0-14%02-F 
CB1825 

CB2215 


CB5145 
CB1045 
CB1035 
CB5625 
CB91L15 


CB1045 
RS-LA 
0698-8776 
CB2035 
0698-8777 


CB1045 
PME55S 
PME55S 
PME55S 
CB1045 


CB5135 
0698-8777 
0811-3461 
216CHLO4X9PM 
216CH1LO4X9PM 


CB1045 
CB2025 
CB6225 
MF 5C1/8-T0-1004-F 
MF5C1/8-TO-1004-F 


CB5145 
PME55-1/8-T9-5001-8 
PME55-1/8-T9-5001-3 
HB1LO41 
HBLO41 


CB1L045 
0811-3461 
0698-38777 
CB7535 
72-101-0 


C82025 
CB1045 
C4-1/8-T0-1003-F 
C4-1/8-T0-1003-F 
CB2015 


C4-1/8-T0-6192-F 
CB4725 
CBL035 
CB2035 
CB4725 


CB4725 
0698-8777 
CB2025 
CB9145 
CB1045 


CB1035 
CB1045 
0698-8777 
0698-8777 
CB5115 


CB5115 
CB2035 
CB2035 
CB3025 
CB2025 


Table 6-3. Replaceable Parts (Cont'd) 


Reference HP Part ee 
Nanshor Qty Description Mfr Part Number 


Designation 


ALUKID 0683-2015 RESISTOR 200 5% .25W FC TC=-400/+600 c82015 
ALURIO 063-2015 RESISTOR 200 5% .25W FC TC=-400/+600 CB2015 
ALORYT Uo 83-2025 RESISTOR 2K 5% .25W FC TC=-400/+700 CB2025 
ALOKIG Uo 63-2025 RESISTOR 2K 5% .25W FC TC=-400/+700 CB2025 
ALUKISG 0698-8777 RESISTOR FXD 1000 OHM .05 0698-8777 
A10R101, R102 0683—2035 RESISTOR 20K 5% .25W FC TC=—400/+800 CB2035 
A10R103 0683-4725 RESISTOR 4.7K 5% .25W FC TC=—400/+800 CB4725 
A10R104 5 0683—1335 RESISTOR 13K 5% .25W FC TC=—400/+800 CB1335 
A1R105 4 


AluUklvo 0757-0274 RESISTOR 1.21K 1% .125W F TC=0+-100 C4-1/8-T0-1213-F 
Aloniu7 0683-2025 RESISTOR 2K 5% .25W FC TC=-400/+700 CB2025 

ALURLOS 0683-4725 RESISTOR 4.7K 5% .25W FC TC=-400/+700 CB4725 

AlukKLUg 06 83-4725 RESISTOR 4.7K 52 .25W FC TC=-400/+700 CB4725 

A10R111 4A 0683—4725 RESISTOR 4.7K 5% .25W FC TC=—400/+700 CB4725 

Alusi AB 0490-0502 SWITCH-MAG REED FORM A 3VA 1200V CONT 0490-0802 


AluTL 9100-0678 TRANSFORMER: PULSE 9100-0673 
Asol2 9100-3679 TRANSFORMER, PULSE 9100-3879 


AlvuUL 1826-0343 Ic MC 1436C GP AMP MC 1436CG 
Aluud 1826-0109 IC HA 2625 OP AMP 1826-0109 
Aluus 18 26-0371 IG LF 256H OR AMP LF256H 

Aluu+ 1826-0347 "Cy -) COMPUTER LM339 SPEC. 1826-0347 
Alvud 18 26-0347 Id, J COMPULER LM339 SPEC. 1826-0347 


AlUUo 18 20-0547 IC, J COMPUTER LM339 SPEC. 1826-0347 
Alou7 18 26-0471 Ic OP AMP LOW-DRIFT TO-99 OP-07CJ 

Alvus 1826-0347 IC, J COMPUTER LM339 SPEC. 1826-0347 
ALUUY 1826-0347 ICy J COMPUTER LM339 SPEC. 1826-0347 
Alouli 1820-1196 IC-DIGITAL SN74LS174N TTL SN74LS174N 


Aloulé 16 20-1196 IC-DIGITAL SN74LS174N TTL SNT4LS174N 
ALOUL>S 13820-1196 IC-DIGITAL SN74LS174N TTL SNT4LS174N 
AlvU14 L6<0-1216 IC-DIGITAL SN74LS1386N TTL SN74L S138N 
AlvUL> 1820-1196 IL-DIGITAL SN74LS174N TTL LS SN74LS1L74N 
ALUULS 1620-1196 IC-DIGITAL SN74LSL74N TTL SN74LS174N 


AsvULT 1820-1196 IC-DIGITAL SN74LS174N TTL SN74L S174N 
AlUULS 16 26-0343 IC MC 1436C GP AMP MC1436CG 
AlvULY 1620-0471 IC-DIGITAL SN7406N TIL HEX 1 SNT406N 
AluuéeL 1820-1197 IC-DIGITAL SN74LSOON TTL LS QUAD 2 NAND SN74L SOON 
ALQude 1820-i199 IC-DIGITAL SN74LSO4N TIL LS HEX 1 SNT4L SO4N 


AlvuUcs 1820-1420 IC-DIGITAL SN74LS92N TTL LS OIV-x-12 SN74LS92N 
AluUce 1620-0471 IC-DIGITAL SN7406N TTL HEX 1 SN7406N 
AlLOQUes 1818-2270 IL, MUS-ROM 1818-2270 
AlvUco 03455-62501 NANOPROCESSOR ASSY INCLUDES A10R105* 03455-62501 
Aluuvel 1620-1198 IC-JIGITAL SN74LSO3N TIL QUAD 2 NAND SNT4L SO3N 


Aluues 1620-1199 IC-DIGITAL SN74LSO4N TTL HEX 1 SN74LSO4N 
Aluu2y 1620-1197 IC-DIGITAL SN74LSQON TTL LS QUAD 2 NAND SN74L SOON 
Aludsi 1620-1420 IC-DIGITAL SN74LS92N TTL DIV-X-12 SN74LS92N 
AluUse 1620-1112 IC-DIGITAL SN74LS74N TIL DUAL SNT74LS74N 
AL0U3>5 1820-1112 IC-DIGITAL SN74LS74N TIL DUAL SNT4L ST4N 


ALUU3% 1950-0577 Z OPTO-ISOLATOR LED-PDIO/XSTR LF=50MA-MAX 1990-0577 
AluU35 1990-0577 OPTO-ISOLATOR LED-PDIO/XSTR IF=50MA-MAX 1990-0577 
AlUUs0 1826-0150 Ic V RGLTR SL26683—24 
Aluua7l 18 26-0299 Ic V RGLTR LM320T—24 
Aluvu38 18 26-0396 IC 7815C V RGLTR 7815UC 


A1l0uUS9 1826-0277 Ic LM 320 V RGLTR LM320T-15 
1205-0309 HEAT SINK SGL TO-220-PKG 1205-0309 


AdowL 03455-01607 CABLE ASSEMBLY» Lele(INCLUDES P1) 03455-61607 


Aluwe 03455-61008 CABLE, 10/1 DIVIDER 03455-61608 
Alval 1200-0466 SOCKET-I1C 40-CONT DIP-SLDR A-23-2030Y 
AivY1 04 1lu- 0063 CRYSTAL, QUARTZ 4915.200 kHz 0410-0663 


5040-0170 GUIDE :PLUG-iN PC BOARD 5040-0170 


11177-69501 ASSEMBLY, REFERENCE 


NOT FIELD REPAIRABLE. 
REBUILT EXCHANGE ASSEMBLY 


11177B REPLACEMENT ASSEMBLY 


RESISTOR A10R111 APPLIES ONLY TO SERIAL NUMBERS 1622A00411 AND ABOVE. 

REED SWITCH A10S1 APPLIES ONLY TO SERIAL NUMBERS 1622A00410 AND BELOW. 
REPLACE WITH A20 ASSEMBLY PART NUMBER 11177B FOR REPLACEMENT OR EXCHANGE. 
SEE NOTE ON SCHEMATIC 11. 


See introduction to this section for ordering information 
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Reference 
Designation 


Al2 

A12C1 
A12C2 
A12c3 4B 
A12CR1-CR4 


A12CR5 
A12CR6,CR7 
A12CR8 
A12CRQ9 
A12CR11-CR15 


A12Q1 
A12Q2 
A12Q3 
A12Q4 
A1205 


A12R1 
A12R2 
A12R3 
A12R4 
Al12R5 


A12R6 
A12R7,R8 4A AB 
A12R9 
A12R11 
A12R12 


A12R13 
A12R14 
A12R15 
A12R16,R17 4A 4B 
A12R18 


A12R19 
Al12R21 
A12R22 


Number 


03455-66512 
0180-0230 
0160-0164 
0160-0157 
1901-0050 


1902-0777 
1901-0050 
1901-0036 
1902-3139 
1901-0050 


1855-0247 
1853-0020 
1854-0087 
1854-0079 
1855-0247 


0683-1115 
0683-4325 
0757-0059 
0683-2735 
0698-4468 


0698-4202 
0757-0442 
0683-1235 
0683-4715 
0683-2425 


0683-3035 
0698-3451 
0683-2735 
0757-0442 
0683-4335 


0683-1535 
0683-1235 
0683-1125 


Table 6-3. Replaceable Parts (Cont'd) 


Description 


PC ASSEMBLY, OHM CONVERTOR 
CAPACITOR-FXD 1UF +-20% 50VDC TA 
CAPACITOR-FXD .039UF +-10% 200VDC 
CAPACITOR-FXD 4700PF +-10% 200VDC 
DIODE-SWITCHING 80V 200MA 2NS DO-7 


DIODE-ZNR 1N825 6.2V 5% DO-7 PD=.25W 
DIODE-SWITCHING 80V 200MA 2NS DO-7 
DIODE-HV RECT 1KV 600MA DO0-29 

DIODE-ZNR 8.25V 5% DO-7 PD=.4W TC=+.053% 
DIODE-SWITCHING 80V 200MA 2NS DO-7 


TRANSISTOR-JFET DUAL N-CHAN D-MODE TO-71 
TRANSISTOR PNP SI PD=300MW FT=150MHZ 
TRANSISTOR NPN SI PD=360MW FT=75MHZ 
TRANSISTOR NPN 2N3439 SI TO-5 PD=1W 
TRANSISTOR=JFET DUAL N-CHAN D-MODE TO-71 


RESISTOR 110 5% .25W FC TC=-400/+600 
RESISTOR 4.3K 5% .25W FC TC=-400/+700 
RESISTOR 1M 1% .5W F TC=0+-100 
RESISTOR 27K 5% .25W FC TC=-400/+800 
RESISTOR 1.13K 1% .125W F TC=0+-100 


RESISTOR 8.87K 1% .125W F TC=0+-100 
RESISTOR 10K 1% .125W F TC=0+-100 
RESISTOR 12K 5% .25W FC 400/+800 
RESISTOR 470 5% .25W FC TC=-400/+600 
RESISTOR 2.4K 5% .25W FC TC=-400/+700 


RESISTOR 30K 5% .25W FC TC=-400/+800 
RESISTOR 133K 1% .125W F TC=+-100 
RESISTOR 27K 5% .25W FC TC=-400/+800 
RESISTOR 10K 1% .125W F +-100 
RESISTOR 43K 5% .25W FC TC=-400/+800 


RESISTOR 15K »25W FC TC=-400/+800 
RESISTOR 12K 5% .25W FC TC=-400/+800 
RESISTOR 1.1K 5% .25W FC TC=-400/+700 


Mfr Part Number 


03455-66512 
150D105X0050A2 
0160-0164 
0160-0157 
1901-0050 


1N825 
1901-0050 
1901-0036 

SZ 10939-158 
1901-0050 


1855-0247 
1853-0020 
1854-0087 
2N3439 

1855-0247 


CB1115 

CB4325 
MF7C1/2-TO-1004-F 
CB2735 
C4-1/8-TO-1131-F 


C4-1/8-TO-8871-F 
C4-1/8-TO-1002-F 
CB1235 
CB4715 
CB2425 


CB3035 
C4-1/8-TO-1333-F 
CB2735 
c4-1/8-TO-1002-F 
CB4335 


CB1535 
CB1235 
CB1125 


4A SEE NOTE ON SCHEMATIC 4. 
4B SEE NOTE ON SCHEMATIC 4. 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Table 6-3. Replaceable Parts (Cont'd) 


Reference HP Part 


Mfr Part Number 


Al2R25 
alétl 


Al2uUL 
AL2Ue 


Al3 


AlsCl 
Alst2 
A1L3C3 
A1L3C4 
AlsL5 


AilsCo 
Alsc7 
Al3ce 
AL3U9 
Alscil 


A13C12 
AlLSLiL3 
AL3SL14 
AlslLi>d 
A1l3Clo 
A13C17 
A13C18 
A13C19 
A13C21 
A13C22 
A13C23 
A13C24 
A13C25 


A13C26 
A13C27 


Alste2os 
Alstey 
AL3C3L 
Ai3v3e 
AlsL35 


A13L34 
A13C45 


Ai3cKL 
AlSCR2 
AL3CK3 
AL3LR4 
ALSCRO 


A1l3CRko 
ALSZLRT 
AlsLKo6 
A1L3CK9 
AL3ZCRLA 


A13CR1L2 
ALSCR13 
ALSCKL4+ 
Ai3LKLD 
AlsCKlo 


ALsCRI7 
A13CR18 
AlSCRiP 
Al3tkK2l 
AL3LK22 


0760-0VU09 
9100-0679 


1820-0223 
1620-0223 


03455-66513 


0160-2199 
0160-4404 
0160-4401 
0160-4402 
0160-2199 


0160-4398 
0160-4598 
U160-4401 
0160-4401 
0180-0229 


0180-0197 
0180-1735 
0160-2199 
0121-0432 
0160-0763 
0160—0363 
0180-1746 
0160-3949 
0150-0093 
0180-0197 
0160-3134 
0180—0197 
0160—0378 
0160-2150 
0140-0190 
0160-3945 
0150—0096 


0160-2199 
0160-3976 
01600-3977 
0140-0202 
0160-3930 


0121-0436 
0160-3581 


1902-3237 
1901-0033 
1901-0040 
1901-0033 
1901-05136 


1901-0518 
1902-31238 
1901-0u40 
191-0040 
19C1-0U040 


1901-0040 
1902-3086 
1902-3086 
1901-0040 
1901-0040 


19Cl-0047 
1901-0047 
1901-0040 
1901-0040 
1901-0uU40 


RESISTOR LOOK 


2@ 1W MO TC=0+—-200 


TRANSFORMER, PULSE 


Ic LM 301A OP AMP 
IC LM 301A OP AMP 


P.C. ASSEMBLY, 


CAPACITOR-FXD 
CAPACI TOR-FXD 
CAPACITOR-FXDO 
CAPACI TOR-FXD 
CAPACI TOR-FXD 


CAPACI TOR-FXD 
CAPACI TOR-FXD 
CAPACI TOR-FXD 
CAPACI TOR-FXD 
CAPACI TUR-FXD 


CAPACI TOR-FXD 
CAPACITOR-FXD 
CAPAC ITOR-FXD 


AC CONVERTER 


30PF +-5% 300WVDC MICA 
21L5UF +#-10% LOOWVDC POLYP 
eOLUF #-10% LOOWVDC POLYP 
2LUF +#-10% LOOWVOC POLYP 
30PF +-5% 300WVUC MICA 


-O082UF +-10% 200WVOC POLYP 
2O082UF +-1L0% 200WVDC POLYP 
-OLUF +-1L0Z% LOOWVOC POLYP 
2O1UF #-10% LOOWVOC POLYP 
33UF+#-10% 1lOVOC TA 


2-2UF+-1L0Z 20VDC TA 
-22UF+-L0% 35VDC TA 
30PF +-5% 300WVDC MICA 


CAPACITOR-V TRMR-AIR 1.7/14.1PF 350V 


CAPACITOR-FXD 
CAPACITOR—FXD 
CAPACITOR—FXD 
CAPACITOR=FXD 
CAPACITOR—FXD 
CAPACITOR—FXD 
CAPACITOR—FXD 
CAPACITOR—FXD 


SPF +-10% 500WVDC MICA 
620PF +—5% 300WVDC MICA 
15UF+—10% 20VDC TA 

346PF- +—1% SQOWVDC PORC 
.O1UF +80—20% 100WVDC CER 
2.2UF+—10% 20VDC TA 

.01UF +—10% 100WVDC CER 
2.2UF+—10% 20VDC TA 


CAPACITOR—FXD 27PF +—5% 500VDC MICA 

CAPACITOR—FXD 33PF +—5% 300WVDC MICA 
CAPACITOR—FXD 39PF +—5% 300WVDC MICA 
CAPACITOR—FXD 39PF +— 1% 500WVDC MICA 


CAPACITOR—FXD 


CAPACI TOR-FXD 


-O5UF +80—20% 100WVDC CER 


30PF +-5% 300WVDC MICA 


CAPACITOR-FXO LOPF +-1% LOOOWVAC PORC 
CAPACITOR-FXO 97OPF +#-1% LOOWVDC PORC 
CAPACITOR-FXD L5PF #-5% 5O00WVDC MICA 
CAPACITOR-FXD LOPF +-1L% 2500WVOC PORC 


CAPACLBOR-V TRMR-AIR 244/24.5PF 350V 
CAPACITOR-FXD .LUF #-20% 630WVOC MET 


DIODE-ZNR 20V 5% DO-7 PD=.4W TC=+.0732% 


DLOOE-GEN PRP 180V 200MA vDU-7 


OLGDE-SWITCHING 


30V SOMA 2NS DO-35 


DIODE-GEN PRP 180V 200MA 00-7 


DIGOE-SCHOTTKY 


DIOQDE-SCHOTTKY 
OIODE-ZNR 7.32V 
OLODE-SWITCHING 
OLODE-SWITCHING 
DIODE-SWITCHING 


OLODE-SWITCHING 
DIOGDE-ZNR 4.75V 
DIIJDE-ZNR 4.75V 
DIGIE-SwWITCHING 
DIGDE-SWITCHING 


OLODE-SWITCHING 
DIGDE-SWITCHLNG 
OLODE-SWITCHING 
OIODE-SWITCHING 
DIGDE-SWITCHING 


5% DO-7 PD=.4W TC=+.048% 
30V SOMA 2NS 00-35 
30V SOMA 2NS 00-35 
30V SOMA 2NS DO-35 


30V SOMA 2NS 00-35 
2% O0O-7 PD=.4W TC=-.019% 
2% DO-7 PD=.4W TC=-.019% 
30V 5OMA 2NS 00-35 
30V SUMA 2NS DU-35 


20V 75MA LONS 
20V 75MA 1ONS 
30V 50MA 2NS DO-35 
30V 50MA 2NS 00-35 
30V¥ SOMA 2NS 00-35 


11502 
28480 


27014 
2701¢ 


28480 


28480 
28480 
28480 
28480 
28480 


28480 
28480 
28480 
28480 
56289 


56289 
56289 
28480 
74970 
28480 
28480 
56289 
28480: 
28480 
56289 
28480 
56289 


RG32 
9100-0679 


LM301AH 
LM301Ad 


03455-66513 


0160-2199 
0160-4404 
0160-4401 
0160-4402 
0160-2199 


0160-4398 
0160-4398 
0160-4401 
0160-4401 
1500336X90, JB2 


1500225xX9020A2 
1500224X9035A2 
0160-2199 
189-505-125 
0160-0763 
0160—0363 
150D156X9020B2 
0160-3949 
0150-0093 
150D225x9020A2 
0160—3134 
150D225X9020A2 
0160-0181 
0160-2150 
0140-0190 
0160-3945 
0150—0096 


0160-2199 
0160-3976 
0160-3977 


DML5C150J0500WVICR 


0160-3930 


189-509-125 
00710460 


SZ 10939-269 
1901-0033 
1901-0040 
1901-0033 
1901-0513 


1901-0518 
SZ 10939-143 
1901-0040 
1901-0040 
1901-0040 


1901-0040 
$Z 10939-90 
SZ 10939-90 
1901-0040 
1901-0040 


1901-0047 
1901-0047 
1901-0040 
1901-0040 
1901-0040 


ALSKL 0490-0683 
Al3Ke 0490-0683 
ALSK3 0490-0663 


RELAY-REED LA 1OOMA LOOOVDC 5SYDC-COIL 
RELAY-REED 1A 1OOMA LOOOVDC S5SVDC-COIL 
RELAY-REED LA LOOMA 1LOOOVDC SvDC-COIL 


0490-0683 
0490-0683 
0490-0663 


Ai3al 1854-0071 
Ai3uc 1854-0071 


TRANSISTOR NPN SI PD=300MW FT=200MHZ 
TRANSISTOR NPN SI PD=300MW FT=200MHZ 


1854-0071 
1854-0071 


AL3a3 
A1L3u4 
A1lsu5 


Alsuo 
Al3ul 
Alsud 
4139 
Aiswil 


1655-0360 
1855-0386 
1855-0386 


1855-0386 
1654-0351 
18 53-0010 
1655-0420 
1854-0351 


4A SEE NOTE ON SCHEMATIC 2. 


TRANSISTOR 
TRANSISTOR 
TRANSISTOR 


TRANSISTOR 
TRANSISTOR 
TRANSISTOR 
TRANSISTOR 
TRANSISTOR 


See introduction to 


J-FET 2N4392 
J-FET 2N4392 
J-FET 2N4392 


J-FET 2N4392 
NAN SI TO-18 
PNP SI TO-18 
J-FET 2N4391 
NPN SI TO-18 


N-CHAN D-—MODE 
N-CHAN D-MODE 
N-CHAN D-MODE 


N-CHAN D-MODE 
POD=360MH 
PD=300MW 
N-CHAN D-MODE 
PD=360MW 


this section for ordering information 


2N4392 
2N4392 
2N4392 


2N4392 
1854-0351 
1853-0010 
2N4391 
1854-0351 
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Table 6-3. Replaceable Parts (Cont'd) 


Reference HP Part <a 


Mfr Part Number 


Alsul2 1853-0010 TRANSISTOR PNP SI TU-18 PD=360MW 1853-0010 
Alsuls 1854-0071 TRANSISTOR NPN SI PD=300MW FT=200MHZ 1854-0071 
A13U1L4 1855-0420 TRANSISTOR J-FET 2N4391 N-CHAN D—MODE 2N4391 
Al3ul5s 1855-0202 1 TRANSISTOR-JFET DUAL N-CHAN D-MODE SI €421 


ALSRi 06 83-5145 KESISTOR 510K 5% .25W FC TC=-800/+900 CB5145 


AL3R2 06 83-2235 8 RESISTOR 22K 5% .25W FC TC=-400/+800 CB2235 
ALSRS 06 83-2235 RESISTOR 22K 5% .25W FC TC=-400/+800 CB2235 
AL3K4 06 98-3456 2 RESISTOR 348K 1% .125W F TC=0+-100 CMF-55-1, T-1 
AL3KS 06 98-3453 RESISTOR 348K 1% .125a F TC=0+-100 CMF-55-1, T-1 


ALSK6 0757-0455 RESISTOR 100K 12% .125W F TC=0+-100 
Al3k7 0757-0270 1 RESISTOR 249K 1% .125W F TC=0+-100 


C4-1/8-T0-1003-F 
C4-1/8-T0-2493-F 


AL3R8 U6 83-2235 RESISTOR 22K 5% .25W FC TC=-400/+800 C82235 
AL3kK9 V0 63-1035 RESISTOR 10K 5% .25W FC TC=-400/+700 CB1035 
ALskKil 0663-5145 RESISTOR 51LOK 5% .25W FC TC=-800/+900 CB5145 


Al3ki2 2100-3306 3 RESISTOR-TRMR 50K 10% C SIDE-ADJ 17-TRN 3006P-1-503 
AlskK1> 2100-3309 1 RESITSTOR-TRMR 2K 10% C SIDE-ADJ 17-TRN 3006P-1-202 
ALSR14 0698-4467 1 RESISTOR 1.05K 1% .125W F TC=0+-100 C4-1/8-T0-1051-F 


Aiskl> 0683-1035 RESISTOR 10K 5% .25W FC TC=-400/+700 
Alsklo 0757-0401 ResISfOR 100 1% .125W F TC=0+-100 


CB1L035 
C4-1/8-TO-101-F 


Alsnl7 0698-3122 RESISTOR 412 1% .125W F TC=0+-100 PME55-1/8-T0-4120-F 
Alskis 0683-2045 RESISTOR 200K 5% .25nW FC TC=-800/+900 CB2045 
C85105 


Aiskel 0757-0453 RESISTOR 30.1K 1% .125W F TC=04-100 
Alskée 0698-4438 RESISTOR 26.7K 1% .125W F TC=0+-100 


C4-1/8-T0-3012-F 


1 
< 
AL3KLY9 0663-5105 5 RESISTOR 51 5% .25W FC TC=-400/+500 
vt 
1 C4-1/8-T9-2672-F 


ALS3R23 2100-3308 RESISTOR-TRMR 5K 10% C SIDE-ADJ 17-TRN 3006P-1-502 


AlSK24 0683-2025 RESISTOR 2K 5% .25wW FC TC=-400/+700 CB2025 
Alske> 0698-8215 3 RESISTOR 54K .5% (P/O MATCHED SET R25,38,43) 0698-8215 
AlskKk26 0683-2025 RESISTOR 2K 5% .25W FC TC=-400/+700 CB2025 
Alske7 0663-1015 RESISTOR 100 5% .25W FC TC=-400/+500 CB1O1S 


Alskeo 0663-2415 RESISTOR 240 5% .25wW FC TC=-400/+600 CB2415 
ALskKe9 06 83-2235 RESISTOR 22K 5% .25W FC IC=-400/+800 CB2235 
ALSK3L 0083-1035 RESISTOR 1OK 5% .25W FC TL=-400/+700 C81035 
ALSKSe 0683-5145 RESISTOR 510K 5% .25W FC TC=-800/+900 CB5145 


ALSR33 0757-0442 RESISTOR LOK 1% .125W F TC=0+-100 C4-1/8-T0-1002-F 


A1L3K34 0083-1235 RESISTOR 12K 5% .25W FC TC=-400/+800 CB1235 
ALSK35 0683-3025 RESISTOR 3K 5% «25W FC TC=-400/+700 C83025 
Al3k50 2100-3306 RESETSTOR-TRMR 50K 10% C SIDE-ADJ 17-TRN 3006P-1-503 
Aloanal 0683-4715 RESISTOR 470 5% .25W FC TC=-400/+600 CB4715 
ALsK38 0698-8215 RESISTOR 487K .5% (P/O MATCHED SET R25, 38,43) 0698-8215 


A1L3R39 0698-4202 RESISTOR 8.867K 12 .125W F TC=04#-100 C4-1/8-T0-8871-F 


ALZRGL 0698-4202 RESISTOR 8.87K i% .125W F TC=0+-100 C4-1/8-T0-8871-F 
Al3k4e 06986-4202 RESISTOR 8.87K 1% .125W F TC=04+-100 C4-1/8-T0-8871-F 
ALSK43s 0698-8215 RESISTOR 2M .5% (P/O MATCHED SET R25,38,43) 0698-8215 
ALIS 0698-8216 4 RESISTOR 20,2K .5% (P/O MATCHED SET R44, R45) 0698-8216 


0698-8216 
3006P-1-50L 


AL3K45 0698-82190 RESISTOR 2M .5% (P/O MATCHED SET R44, R45) 
AL3K4o 2100-3311 RESISTOR-TRMR 500 10% C SIJE-ADJ 17-TRN 


Alsul 1826-0059 IC LM 201A GP AMP LM201AH 


Alsu2 1826-0059 IC LM 201A GP AMP LM201A4 
AlsU3 1810-u250 1 IC, FINE LINE CHIP 1810-0250 
Al3u4 1826-0059 IC LM 201A OP AMP : LM201AH 
Ailsu5 1826-0109 IC HA 2625 UP AMP Lif} 2~ 2C: & 1826-0109 


A1lsUo 1820-0471 IC-DIGITAL SN74U6N TTL HEX 1 SN7T406N 


OBD 
4040-0748 


1600-0515 
4040-0748 


STAMPING, BRS .020" THK 
EXTRACTOR-PC 8D BLK PULYC .062-60-THKNS 


03455-06514 Pele AD CONVERTER 03455-66514 


ASSEMBLY» 


Al¢ 


Al4el 01 50-0084 CAPACITGR-FXD .1UF +#80-20% 1OOWVDC CER 0150-0084 
AL4Ce 0160-4394 CAPACITOR-FXD .US2UF +-10% 20UWVDC POLYP 0160-4398 
AL4L3 0140-0149 1 CAPACITOR-FXD 470PF +-5% 300WVDC MICA DM15F471J0300WVICR 
AL4l4 0150-0084 CAPACITOR-FXO .1UF +80-20% LUUWVDC CER 0150-0034 


AlL4C5 0150-0084 CAPACITOR-FXD .«1LUF +80-20% LOOWVDC CER 0150-0084 


ALl4Le 0160-2204 CAPACITOR-FXD LOOPF +-5% 3290wWVDC MICA 0160-2204 


AL4UKL 1902-3237 DLODE-ZNR 20V 5% DO-7 PO=.4W TC=+.073% SZ 10939-269 
Al4cke 4A, 4c 1901-0040 DIODE-SWITCHING 30V 50MA 2NS DO-35 1901-0040 
AL4CK3 1961-0040 DIUDE-SWITCHING 30V 50MA 2NS 00-35 1901-0040 
AL4LR4 1901-0576 DIOVE-GEN PRP 35V 50MA 00-7 1901-0376 


Al+CRS 1901-0376 DIODE-GEN PRP 35V SOMA DO-7 1901-0376 


AL4CRo 4A, SC 1901-0040 DIODE-SWITCHING 30V 50MA 2NS DO-35 1901-0040 
AL4UKT 1902-3237 DiQDE-ZNR 20V 5% DO-7 PD=.4W TC=+.073% SZ 10939-269 
AL4lxo 19C1-0040 DI3JIE-SWITCHING 30V 50MA ZNS DO-35 1901-0040 
AL4CRY 1901-0040 DIODE-SWITCHING 30V SOMA 2NS 00-35 1901-0040 


Al4UKiv 1901-004) DIODE-SWITCHING 30V 50MA 2NS DO-35 1901-0040 


4A SERIAL NUMBERS 1622A05231 AND ABOVE. NOTE (48) ON SCHEMATIC 6. 
AC SEE NOTE ON SCHEMATIC 6. 


See introduction to this section for ordering information 
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Reference 
Designation 
AL4CKiL 19014-0518 
Al4CkKLe 1901-004y 
Al4éuli 1853-0020 
Al4uce 1853-0034 
Al4u3 18 55-0420 
Al404 1855-0033 
AL4U5 1855-0246 
A146 1853-0020 
Al4ki 4B 06 83- 1035 
AL4kzZ 0683-2025 
A1LGRKS 0698-3155 
AL4k4 G811-2577 
AL4K5 0757-0436 
Al4ko 0757-0280 
AL4GK7 0698-3226 
AL4RS 0757-0440 
AL4&kY 07 57-0462 
Al4K1LJ 0757-0430 
AL4KLL 0698-3511 
ALGK12 06 83-3025 
AL4K13* 0633-2265 
Al14R14 0757-0442 
Al4ki>s 0811-3017 
AL4RiO 0757-0441 
AL@R1T 0757-0465 
Al@nig 4B 0757-0273 
Al4k19 4B 0698-4460 
Al4keu 4B 0698-3226 
ALGR2L 0811-2577 
AL4kKed 0698-3155 
Aléne3 0683-8215 
Al4n24 4B 06 83- 1035 
Al4kK25 AB 06 83— 1035 
AL4K2L6 0698-3260 
AlL4Ke7d 0698-8649 
AL4K28 0083-2735 
Al4ke9 0683-3925 
AL4k3u 0698-8649 
Al@k31 0698-3260 
Al+#k32 0698-3499 
AL4K35 0698-3499 
A1L4R34 0663-1025 
A1L4K3> U6 93-3499 
AL4K30 0683-2435 
AL4K37 06 83-1035 
AL4R39 U6 83-3045 
ALaKoy Uo 83-3025 
Al4K4u 0757-0442 
ALGR4L 0757-0442 
ALGR4e 06063-4735 
ALGK4>s 0683-2035 
Al4K44 Ay 06 83- 2055 
AL4k45 0083-1065 
AlL4k40 06 83-1065 
AlL4K47 0698-4475 
AL4GR4d 0757-0407 
Al4uUL 1906-0070 
AlL4U2 196-0070 
Al4u3 + 1826-0309 
AL4U4 1626-0509 
Al4#u5 18 20-0203 
Al4u6 18 26-0138 
5040-6643 
5000-9043 


4A SEE NOTE ON SCHEMATIC 6. 


Table 6-3. Replaceable Parts (Cont'd) 


HP Part ars Mfr 


BN 


eee 


_e 


DIODE-SCHOTTKY 
DIODE-SWITCHING 30¥ 50MA 2NS DOQ-35 


TRANSISTGR PNP SI PD=300MW FT=150MHZ 
TRANSISTOR PNP SI TO-18 PD=360MW 
TRANSISTOR J-FET 2N4391 N-CHAN D-MODE 
TRANSISTOR J-FET N-CHAN D-MODE TO-72 SI 
TRANSISTOR-JFET DUAL N-CHAN D-MODE TO-71 


TRANSISTOR PNP SI PD=300MW FT=150MHZ 


RESISTOR 10K 5% .25W FC TC=-400/+700 
RESISTOR 2K 5% .25W FC TC=-400/+700 
RESISTOR 4.64K 1% .125W F TC=0+-100 
RESISTOR LOK «1% .125W PWW TC=04+-2 
RESISTOR 4.32K 12 .125W F TC=0+-100 


RESISTOR 1K 1% .125W F TC=04+-100 
RESISTOR 6.49K 1% .125W F TC=0+-100 
RESISTOR 7.5K 1% .125wW F TC=0+-100 
RESISTOR 75K 1% .125W F TC=0+-100 
RESISTOR 2.21K 1% .125W F TC=0+-100 


RESISTOR 665 12% .125W F TC=0+#-100 
RESISTOR 3K 5% .25W FC TC=-400/+700 
RESISTOR 22M 5% .25W FC TC=-900/4+1200 
RESISTOR 10K 1% .125W F TC=0+-100 
RESISTOR 19.8K 12 .125W PWW TC=04+-5 


RESISTOR 8.25K 1% .125W F TC=0+-100 
RESISTOR LOOK 1% .125W F TC=0+-100 
RESISTOR 3.01K 1% .125wW F TC=0+-100 
RESISTOR 649 1% .125wW F TC=0+-100 
RESISTOR 649K1% .125W F TC=0+-100 


RESISTOR LOK «1% .125W PWW TC=04#-2 

RESISTOR 4.64K 1% .125W F TC=0+-100 
RESISTOR 820 5% .25W FC TC=-400/+600 
RESISTOR 10K 5% .25W FC TC=-400/+700 
RESISTOR 10K 5% .25W FC TC=-400/+700 


RESISTOR 464K 1% .125W F TC=0+-100 
RESISTOR 1.28M 2.1% «25W F TC=04-25 
RESISTOR 27K 5% .25W FC TC=-400/+800 
RESISTOR 3.9K 5% .25W FC TC=-400/+700 
RESISTOR 1.28M 2.12 .25W F TC=0+-25 


RESISTOR 464K 1% .125W F TC=0+-100 
RESISTOR 40.2K 1% .125W F TC=04-100 
RESISTOR 40.2K 1% .125W F TC=0+-100 
RESISTOR LK 5% .25W FC TC=-400/+600 
RESISTOR 40.2K 12 .125w F TC=0+-100 


RESISTOR 24K 5% .25W FC TC=-400/+800 
RESISTOR LOK 5% .25W FC TC=-400/+700 
RESISTOR 300K 5% .25W FC TC=-800/+900 
RESISTOR 3K 5% .25W FC TC=-400/+700 
RESISTOR LOK 1% .125W F TC=0+-100 


RESESTOR 10K 1% .125W F TC=0+-100 
RESISTOR 47K 5% .25W FC TC=-400/+800 
RESISTOR 20K 5% .25W FC TC=-400/+800 
RESISTOR 2M 5% «25m FC TC=-900/+1100 
RESISTOR 10M 5% .25W FC TC=-900/4+1100 


RESISTOR 1OM 5% .25W FC TC=-900/+1100 
RESISTOR 9.74K 1% .125W F TC=04+-100 
RESISTOR 182K 1% .125W F TC=04+-100 


OIODE-ARRAY 
DIODE-ARRAY 

IC AB-518JU OP AMP 

Ic AD 518J OP AMP 
IC, AMPL. OPERATIONAL 


IC LM 339 COMPARATOR 


EXTRACTOR, P.Ce BOARD 
PIN:P.C. BOARD EXTRACTOR 


AB SERIAL NUMBERS 1622A05231 AND ABOVE. SEE NOTE ON SCHEMATIC 6. 


See introduction to this section for ordering information 


Mfr Part Number 


1901-0518 
1901-0940 


1853-0020 
1853-0034 
2N4391 
1855-0033 
1855-0246 


1853-0020 


CB1035 

c82025 
C4-1/8-T0-4641-F 
1274-1/16-A-1002-3 
C4-1/8-T0-4321-F 


C4-1/8-T0-1001-F 
C4-1/8-T0-6491-F 
C4-1/8-T0-7501-F 
C4-1/8-T0-7502-F 
C4-1/8-T0-2211-F 


C4-1/8-T0-665R-F 
CB3025 

C82265 
C4-1/8-T0-1002-F 
1350-1/ 8-C-1982-F 


C4-1/8-T0-8251-F 
C4-1/8-T0-1003-F 
C4-1/8-T0-3011 -F 
C4-1/8-TO-649R -F 
C4-1/8-TO- 6491 -F 


1274-1/16-4-1002-3 
C4-1/8-T0-4641-F 
CB8215 

CB1035 

CB1035 


CMF-55-1, T-1L 
MF52C-1 
C82735 

CB3925 
MF52C-1 


CMF-55-1, I-1 
C4-1/8-T0-4022-F 
C4-1/8-T0-4022-F 
cB1025 
C4-1/8-T0-4022-F 


CB2435 
CB1035 
CB3045 
CB3025 
C4-1/8-T0-1002-F 


C4-1/8-T0-1002-F 
CB4735 

CB2035 

CB2055 


CB1LO65 


CB1065 
PME55-1/8-T0-9761-F 
C4-1/8-T0-1823—F 


1906-0070 
1906-0070 
AD518dJ 
AD518J 
7T41LCE009 


LM339N 


5040-6843 
5000-9043 


Rev A_ 6-15 


Reference 
Designation 


Al5 


A15C1 
A15C2 
A15C3 
A15C4 
A15C5 


A15C6 
A15C7 
A15C8 
A15C9 
A15Cl1 


A15C12 4a 
A15c13 4Q 
A15C14,C15 
A15C16 4Q 
A15C17-19,C21 


A15C22* 


A15C23,C24 


A15C25 
A15C26 
A15C27 
A15C28 
A15C29,C30 


A15C31 
A15C32 4Q 
A15C33 SP 
A15C34 

A15C35 4Q 


A15C36-38 
A1sc4o 4u 
A15C41 AQ 


A15CR1, 2,3 
A15CR4,5 + 
A15CR6 
A15CR7 
A15CR8,CR9 
A15CR11-CR13 


A15K1,K3 4A 
A15K2,K4 


A15Q1 
A15Q2-Q4 
A1505 
A15Q6 
A15Q7 


A15Q8 
A15Q9,Q11 
A15Q12 
A15Q13 
A15Q14 


A15Q15 
A15Q16 
A15Q17 
A15Q18 
A15Q19,Q20 


A15R1 
A15R2 
A15R3 
A15R4 
A15R5 


A15R6* 


03455-66515 


0150-0121 
0170-0066 
0170-0038 
0160-3094 
0160-3134 


0160-2035 
0160-2204 
0160-0163 
0160-3686 
0160-2264 


0160-4084 
0160-2248 
0180-0291 
0160-2264 
0150-0121 


0160-2257 
0160-2259 
0160-2261 
0150-0121 


0160-3949 
0150-0121 
0160-3945 
0150-0121 
0160-4480 


0160-3948 
0160-2150 
0160-3986 
0121-0436 
0160-0378 


0160-2055 
0160-0128 
0160-0127 


1901-0040 
1901-0915 
1901-0040 
1901-0586 
1902-3073 
1901-0040 


0490-0683 
0490-0683 


1854-0071 
1855-0420 
1855-0062 
1854-0071 
1853-0020 


1855-0420 
1854-0753 
1853-0020 
1854-0071 
1853-0089 


1854-0215 
1854-0071 
1853-0020 
1855-0081 
1855-0420 


0683-1035 
0683-2235 
0683-5145 
0683-2235 
0683-5145 


0698-4470 
0757-0444 
0698-4308 
0757-0449 


SEE NOTE ON SCHEMATIC 3. 
SEE NOTE ON SCHEMATIC 3. 
SEE NOTE ON SCHEMATIC 3. 
SEE NOTE ON SCHEMATIC 3. 


6-16 RevA 


Table 6-3. Replaceable Parts (Cont'd) 


Description 


PC ASSEMBLY, AC RMS 


CAPACITOR-FXD .1UF +80-20% SOWVDC CER 
CAPACITOR-FXD .027 UF 200V 
CAPACITOR-FXD .22 UF 200V 
CAPACITOR-FXD .1UF +-10% 100WVDC CER 
CAPACITOR-FXD .O1UF +-10% 100WVDC CER 


CAPACITOR-FXD 750PF +-5% 300WVDC MICA 
CAPACITOR-FXD 100PF +-5% 300WVDC MICA 
CAPACITOR-FXD .033 UF 200V 
CAPACITOR-FXD .27 UF +-10% 5OWVDC MET 
CAPACITOR-FXD 20PF +-5% 500WVDC CER 


CAPACITOR-FXD .1UF 50VDC 
CAPACITOR-FXD 4.3 PF 

CAPACITOR FXD 1UF +-10% 35VDC TA 
CAPACITOR-FXD 20PF +-5% SOOWVDC CER 
CAPACITOR-FXD .1UF +80-20% 50WVDC CER 


PADDING LIST 

CAPACITOR-FXD 10PF 6 SOOWVDC 
CAPACITOR-FXD 12PF 

CAPACITOR-FXD 15PF 

CAPACITOR-FXD .1UF +80-20% SOWVDC CER 


CAPACITOR-FXD 346PF +-1% 500WVDC PORC 
CAPACITOR-FXD .1UF +80-20% SOWVDC CER 
CAPACITOR-FXD 39PF +-1% SO0OWVDC PORC 
CAPACITOR-FXD .1UF +80-20% S5OWVDC CER 
CAPACITOR,FXD 10PF 100V 


CAPACITOR-FXD 970PF +-1% S5OOWVDC PORC 
CAPACITOR-FXD 37PF +-5% 300WVDC 
CAPACITOR-FXD .22UF +-10% 400VDC 
CAPACITOR-V TRMR-AIR 2.4/24.5PF 350V 
CAPACITOR-FXD 27PF 500WVDC 


CAPACITOR-FXD .01UF +80-20% 100VDC CER 
CAPACITOR-FXD 2.2UF +-20% 500VDC CER 
CAPACITOR-FXD 1UF 25V 


DIODE-SWITCHING 30V 50MA 2NS DO-35 
DIODE 

DIODE-SWITCHING 30V 50MA 2NS DO-35 
DIODE, GEN PRP 30V 25MA TO-72 

DIODE-ZNR 4.32V 5% DO-7 PD=4wW TC=-.035% 
DIODE-SWITCHING 30V 50MA 2NS DO-35 


RELAY-REED 1A 100MA 1000VDC 5VDC-COIL 
RELAY-REED 1A 100MA 1000VDC 5VDC-COIL 


TRANSISTOR NPN SI PD=300MW FT=200MHZ 
TRANSISTOR J-FET 2N4391 N-CHAN D-MODE 
TRANSISTOR J-FET N-CHAN D-MODE SI 

TRANSISTOR NPN DI PD=300MW FT=200MHZ 
TRANSISTOR PNP SI PD=300MW FT=150MHZ 


TRANSISTOR J-FET 2N4391 N-CHAN D-MODE 
TRANSISTOR, AD818 

TRANSISTOR PNP SI PD=300MW FT=150MHZ 
TRANSISTOR NPN SI PD=300MW FT=200MHZ 
TRANSISTOR PNP 2N4917 SI PD=200MW 


TRANSISTOR NPN SI PD=350MW FT=300MHZ 
TRANSISTOR NPN SI PD=300MW FT=200MHZ 
TRANSISTOR PNP SI PD=300MW FT=150MHZ 
TRANSISTOR J-FET 2N5245 N-CHAN D-MODE 
TRANSISTOR J-FET 2N4391 N-CHAN D-MODE 


RESISTOR 10K 5% .25W FC TC=-400/+700 
RESISTOR 22K 5% .25W FC TC=-400/+800 
RESISTOR 510K 5% .25W FC TC=-800/+900 
RESISTOR 22K 5% .25W FC TC=-400/+800 
RESISTOR 510K 5% .25W FC TC=-800/+900 


PADDING LIST 

RESISTOR 6.98K 1% .125W F 
RESISTOR 12.1K 1% .125W F 
RESISTOR 16.9K 1% .125W F 
RESISTOR 20K 1% .125W F TC=0+-100 


See introduction to this section for ordering information 
*Indicates factory selected value 


Mfr Part Number 


03455-66515 


0150-0121 
0170-0066 
0170-0038 
0160-3094 
0160-3134 


0160-2035 
0160-2204 
0160-0163 
0160-3686 
0160-2264 


0160-4084 
0160-2248 
150D105X9035A2 
0160-2264 
0150-0121 


0160-2257 
0160-2259 
0160-2261 
0150-0121 


0160-3949 
0150-0121 
0160-3945 
0150-0121 
0160-4480 


0160-3948 
0160-2150 
0160-3986 
189-509-125 
0160-0378 


0160-2055 
0160-0128 
0160-0127 


1901-0040 
1901-0915 
1901-0040 
1901-0586 
SZ 10939-77 
1901-0040 


0490-0683 
0490-0683 


1854-0071 
2N4391 

1855-0062 
1854-0071 
1853-0020 


2N4391 
1854-0753 
1853-0020 
1854-0071 
2N4917 


SPS3611 
1854-0071 
1853-0020 
2N5245 
2N4391 


CB1035 
CB2235 
CB5145 
CB2235 
CB5145 


C4-1/8-TO-6891-F 
C4-1/8-TO-1212-F 
C4-1/8-TO-1692-F 
C4-1/8-TO-649R-F 


Reference 


Designation | Number 


A15R8 0698-8692 
A15R9 0698-3262 
Al5R11 0698-3159 
A15R12 0683-2455 
A15R13 0698-3456 


A15R14 0683-1035 
A15R15 0683-2235 
A15R16 2100-3161 
A15R17 4c 2100-3056 
A15R18 4L, 4N 0698-8350 


A15R19 0757-0417 
A15R21% 
0683-1845 
0683-2245 
0683-2445 


0683-3045 
0683-3645 
0683-5145 
0683-7545 
0683-1555 


A15R22 0757-0401 
A15R23 Ac 0683-1045 
A15R24 Ac 0683-2235 
A15R25 0698-7082 
A15R26 0698-4429 


A15R27 0698-3279 
A15R29 2100-3161 
A15R31 41, 4N,4Q 0757-0487 
A15R32 0698-0084 
A15R33 0698-3492 


A15R34 0757-0417 
A15R35 0757-0280 
A15R36 0698-4460 
A15R37 0683-5105 
A15R38,R39 0683-5105 


A15R41 0757-0413 
A15R42 0698-4429 
A15R43 0698-4478 
A15R44 0683-5105 
A15R45 0698-4429 


A15R46 4Q 
A15R47 4Q 0698-4427 
A15R48 4Q 0757-0442 
A15R49 0698-3279 
A15R51 4c,4Q 2100-3122 


0698-4419 


A15R52 4c 0698-6630 
A15R53 Ac 0698-6360 
A15R54 0698-3431 
A15R55 0698-6320 
A15R56 2100-3161 


A15R57,R58 0683-1505 
A15R59 4A 0683-1045 
A15R61 0683-1035 
A15R62 0757-0417 
A15R63 0757-0487 


A15R64 0698-6320 


Table 6-3. Replaceable Parts (Cont'd) 


Description 


RESISTOR 160K 1% 
RESISTOR 40.2 1% 
RESISTOR 26.1K 1% 
RESISTOR 2.4M 5% 
RESISTOR 287K 1% 


RESISTOR 10K 5% .25W FC TC=-400/+700 
RESISTOR 22K 5% .25W FC TC=-400/+800 
RESISTOR TRMR 20K 10% C SIDE-ADJ 17-TRN 
RESISTOR-TRMR 5K 10% C SIDE-ADJ 17-TRN 


RESISTOR 732K 1% 


«L25W IF TC==+=25 
-125W F TC=0+-100 


~125W F TC=0+-100 


-25W FC TC=-900/+1100 


-125wW F TC=0+-100 


-125W F TC=0+-100 


RESISTOR 562 1% .125W F TC=0+-100 


PADDING LIST 

RESISTOR 180K 5% 
RESISTOR 220K 5% 
RESISTOR 240K 5% 


RESISTOR 300K 5% 
RESISTOR 360K 5% 
RESISTOR 510K 5% 
RESISTOR 750K 5% 
RESISTOR 1.5M 5% 


RESISTOR 100 1% . 
RESISTOR 100K 5% 


RESISTOR 22K 5% .25W FC 


RESISTOR 100K .1% 
RESISTOR 1.87K 1% 


RESISTOR 4.99K 1% 
RESISTOR-TRMR 20K 
RESISTOR 825K 1% 
RESISTOR 2.15K 1% 
RESISTOR 2.67K 1% 


RESISTOR 562 1% . 


~25W FC 
~25W FC 
~25W FC 


-25W FC 
-25W FC 
~25W FC 
-25W FC 
-25W FC 


125W F TC=0+-100 


-25W FC TC=-400/+800 
TC=-400/+800 


~125W F TC=0+-25 
-125W F TC=0+-100 


-125W F TC=0+-100 


10% C SIDE-ADJ 17-TRN 


-125W F TC=0+-100 
~125W F TC=0+-100 
-125W F TC=0+-100 


125W F TC=0+-100 


RESISTOR 1K 1% .125W F TC=0+-100 


RESISTOR 649 1% . 


125W F TC=0+-100 


RESISTOR 51 5% .25W FC TC=-400/+500 
RESISTOR 51 5% .25W FC TC=-400/+500 


RESISTOR 392 1% . 
RESISTOR 1.87K 1% 
RESISTOR 10.7K 1% 


125W F TC=0+-100 
-125W F TC=04+-100 
~125W F TC=0+-100 


RESISTOR 51 5% .25W FC TC=-400/+500 


RESISTOR 1.87K 1% 


RESISTOR 210 1% . 
RESISTOR 1.65 1% 
RESISTOR 10K 1% . 
RESISTOR 4.99K 1% 
RESISTOR-TRMR 100 


RESISTOR 20K .1% 
RESISTOR 10K .1% 
RESISTOR 23.7 1% 
RESISTOR 5K 1% 

20 


RESISTOR-TRMR K 


-125W F TC=0+-100 


125W F TC=0+-100 
-125W F TC=0+-100 

125W F TC=0+-100 
-125W F TC=0+-100 
10% C SIDE 


-125W F TC=0+-25 
-125W F TC=0+-25 
-125W F TC=0+-100 
-125W F TC=04+-25 


10% C SIDE-ADJ 17-TRN 


RESISTOR 15 5% .25W FC TC=-400/+500 


RESISTOR 100K 5% 


RESISTOR 10K 5% .25W FC TC=-400/+700 


RESISTOR 562 1% . 
RESISTOR 825K 1% 


-25W FC TC 


125W F TC=0+-100 
-125W F TC=0+-100 


A15R65 
A15R66 40 
A15R67 40 
A15R68 


A15R69 
A15R71 
A15R72 4B 
A15R73 
A15R74 


A15R75 4B 
A15R76 


A15R77 
A15R78 4G 
A15R79 


2100-3161 
0683-1635 
0683-1335 
0683-1035 


0683-1035 
0757- 

2100-3122 
2100-3056 
2100-3306 


2100-3154 
0698-8782 


0757-0487 
0757-0280 
0683-1505 


4A SEE NOTE ON SCHEMATIC 3. 
4B SEE NOTE ON SCHEMATIC 3. 
AC SEE NOTE ON SCHEMATIC 3. 
4G SEE NOTE ON SCHEMATIC 3. 
AL, 4N SEE NOTE ON SCHEMATIC 3. 
AO SEE NOTE ON SCHEMATIC 3. 
4Q SEE NOTE ON SCHEMATIC 3. 


RESISTOR 5K .1% .125W F 
RESISTOR-TRMR 20K 10% C 
RESISTOR 16K 5% .25W FC 
RESISTOR 13K 5% .25W FC 
RESISTOR 10K 5% .25W FC 


RESISTOR 10K 5% .25W FC 
RESISTOR 332 

RESISTOR-TRMR 100 10% C 
RESISTOR-TRMR 5K 10% C S$ 
RESISTOR-TRMR 50K 10% C 


RESISTOR-TRMR 1K 10% C S 


91) 
RESISTOR 825K 1% .125W F 
RESISTOR 1K 1% .125W F T 
RESISTOR 15 5% .25W FC T 


TC=0+-25 
SIDE-ADJ 17-TRN 


400/+800 
TC=-400/+700 


TC=-400/+700 
TOP 

IDE-ADJ 17-TRN 
SIDE-ADJ 17-TRN 


IDE-ADJ 17-TRN 


RESISTOR 220K .5% (P/O MATCHED SET R76,86, 


TC=0+-100 
C=0+-100 
C=-400/+500 


07716 
24546 
24546 
01121 
24546 


01121 
01121 
32997 
03744 
03292 


24546 


01121 
01121 
01121 


01121 
01121 
01121 
01121 
01121 


24546 
01607 
01121 
03292 
24546 


24546 
32997 
03292 
24546 
24546 


24546 
24546 
03292 
01121 
01121 


24546 
24546 
24546 
01121 
24546 


24546 
24546 
24546 
24546 
03744 


03292 
03292 
03888 
03888 
32997 


01121 
01607 
01121 
24546 
24546 


03888 
32997 
01607 
01607 
01121 


01121 


03744 
01885 
32997 


03744 
28480 


24546 
03292 
01121 


See introduction to this section for ordering information 


*Indicates factory selected value 


Mfr Part Number 


CEA-993-N330 
C4-1/8-TO-4022-F 
C4-1/8-TO-2612-F 
CB2455 
C4-1/8-TO-2873-F 


CB1035 
CB2235 
3006P-1-203 
3006P-1-502 


MC5C-1/8-TO-7323-F 


C4-1/8-TO-562R-F 


CB1845 
CB2245 
CB2445 


CB3045 
CB3645 
CB5145 
CB7545 
CB1555 


C4-1/8-TO-100R-F 
CB1045 

CB2235 

NE55 
C4-1/8-TO-1871-F 


C4-1/8-TO-4991-D 
3006P-1-203 


MC5C-1/8-TO-8253-F 


C4-1/8-TO-2151-F 
C4-1/8-TO-2671-F 


C4-1/8-TO-562R-F 
C4=1/8-TO-1001-F 
C4-1/8-TO-649R-F 
CB5105 
CB5105 


C4-1/8-TO-392R-F 
C4-1/8-TO-1871-F 
C4-1/8-TO-1072-D 
CB5105 

C4-1/8-TO-1871-F 


C4-1/8-TO-210R-F 
C4-1/8-TO-1651-F 
C4-1/8-TO-1001-F 
C4-1/8-TO-4991-F 
3006P-1-101 


NE55 
NE55 


PME55-1/8-TO-23R7-F 
PME55-1/8-T9-5001-B 


3006P-1-203 


CB1505 

CB1045 

CB1035 
C4-1/8-TO-562R-F 
NA4& 


PME55-1/8-T9-5001-B 


3006P-1-203 
CB1635 
CB1335 
CB1035 


CB1035 


3006P-1-101 
43P502 
3006P-1-503 


3006P-1-102 
0698-8782 


NA4 
C4-1/8-TO-1001-F 
CB1505 


Rev A 6-17 


Reference 


Designation 


A15R81 


A15R82 4 


A15R83 
A15R84 
A15R85 
A15R86 


A15R88 


A15R89* 


A15R91 


A15R92 
A15R93 
A15R94 
A15R95 


A15R96 4A 


A15R97 4A 
A15R100 4Q 
A15R102 4Q 


Al5U1 
A15U2 


A15U3,U4 4H + 


A15U5 
A15U6 


6-18 


Number 


0757-0438 
0698-8963 
0698-8965 
0757-0433 
0698-8966 


0698-8782 
0683-1505 


0698-4308 
0698-3136 


0757-0448 
0698-4483 
0698-4484 
0757-0449 
0698-8782 


0698-8216 
0698-8216 
2100-3311 
0757-3557 
0698-5540 


0683-1045 
0757-0346 
0698-4462 


1826-0340 
1820-0478 
03455-62502 
1820-0471 
1826-0357 


4040-0748 
1205-0090 
1205-0002 
11177-69501 


SEE NOTE ON SCHEMATIC 3. 
SEE NOTE ON SCHEMATIC 3. 
SEE NOTE ON SCHEMATIC 3. 
SEE NOTE ON SCHEMATIC 3. 
SEE NOTE ON SCHEMATIC 5. 


Rev A 


Table 6-3. Replaceable Parts (Cont'd) 


Description 


RESISTOR 5.11K 1% .1W F TC=0+-10 
RESISTOR 16.9K 1% .1W F TC=0+-10 
RESISTOR 1.87K 1% .1W F TC=0+-10 
RESISTOR 3.32 K 1% .125W F TC=0+-100 
RESISTOR 634 1% .1W F TC=0+-10 


RESISTOR 1.98M .5% (P/O MATCHED SET R76, 
86,91) 

RESISTOR 15 5% .25W FC TC=-400/+500 

PADDING LIST 

RESISTOR 16.9K 1% .125W F TC=0+-100 

RESISTOR 17.8K 1% .125W F TC=-+-100 


RESISTOR 18.2K 1% .125W TC=0+-100 
RESISTOR 18.7K 1% .125W F TC=0+-100 
RESISTOR 19.1K 1% .125W F TC=0+-100 
RESISTOR 20K 1% .125W F TC=0+-100 
RESISTOR SET, MATCHED 2M .5% (P/O MATCHED 
SET R76,R86,R91) 


RESISTOR 2M .5%CP/O0 MATCHED SET R92,R93) 
RESISTOR 20.2K .5%CP/O MATCHED SET R92,R93 
RESISTOR-TRMR 500 10% C SIDE-ADJ 17-TRN 
RESISTOR 806 1% .125W F TC=0+-100 
RESISTOR 1.1M 5% .25W FC TC 


RESISTOR 100K 5% .25W FC TC 
RESISTOR 10 1% .125W F TC=0+-100 
RESISTOR 768 1% .125W F TC=0+-10 


IC, OP AMPL. LF356 

IC LM 308 OP AMP 

IC 357 OP AMP TO-99 
IC-DIGITAL SN7406N TTL HEX1 
IC LF347H OP AMP 


EXTRACTOR-PC BD BLK PLOYC .062-BD THKNS 
HEAT SINK-SEMI'CONDUCTOR 

HEAT SINK TO-5/TO-39-PKG 

ASSEMBLY, REFERENCE 

NOT FIELD REPAIRABLE ORDER 

REPLACEMENT ASSEMBLY ACCESSORY NO. 111778 


28480 
28480 
28480 
24546 
28480 


28480 
01121 


03292 
03292 


03292 
03292 
03292 
03292 
28480 


28480 
28480 
32997 
28480 
01607 


01607 
32997 
32997 


28480 
27014 
28480 
01295 
27014 


28480 
28480 
28480 


See introduction to this section for ordering information 
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Mfr Part Number 


0757-0438 
0698-8963 
0698-8965 
C4-1/8-TO-3321-F 
0698-8966 


0698-8782 
CB1505 


C4-1/8-TO-1692-F 
C4-1/8-TO-1782-F 


C4-1/8-TO-1882-F 
C4-1/8-TO-1872-F 
C4-1/8-TO-1912-F 
C4-1/8-TO-2002-F 
0698-8782 


0698-8216 
0698-8216 
3006P-1-501- 000-F 
0757-3557 

cB1155 


CB1045 
C4-1/8-TO-102 
C4-1/8-TO-768 


1826-0340 
LM308H 
03455-62502 
SN7406N 
LF357H 


4040-0748 
1205-0090 
1205-0002 


Table 6-3. Replaceable Parts (Cont'd) 


Reference 


Designation Description Mfr Part Number 


CHASSIS MOUNTED PARTS 


Bl 3160-0266 I FAN-TBAX DCV 28480 3160-0266 
3150-0300 1 FILTER, AIR 28480 3150-0300 
C1-C6 0180-0291 CAPACITOR-FXD 1UF +-10% 35VDC TA 56289 150D105X9035A2 
cR1l 1990-0547 LED-VISIBLE LUM-INT=2MCD IF=20MA-MAX 28480 1990-0547 
Laat 2110-0201 1 FUSE .25A 250V SLO-BLO 220/240V OPERATION 75915 313.250S 
2110-0012 L FUSE .5A 250V FAST-BLO 100/120V OPERATION | 04703 312.500 
Jl 5061-1131 4B 2 TERM ASSEMBLY, REAR INPUT 28480 5061-1131 
J2 1250-0083 1 CONNECTOR-RF BNC FEM SGL-HOLE-FR 50-OHM 24931 28JUR-130-1 
J3 1251-3283 1 CONNECTOR; 24-CONT; FEM; MICRORIBBON 28480 1251-3283 
0380-0643 1 STANDOFF, LG STUDMOUNT (METRIC THREAD) O046A OBD# 
J4 9100-3910 1 FILTER-LINE 28480 9100-3910 
J5 5060-7454 TERM ASSEMBLY, FRONT INPUT 28480 5060-7454 
Pl 1251-3201 1 CONNECTOR 3-PIN F POST TYPE 27264 09-50-7031 
P2 1251-3957 CONNECTOR 10-PIN F POST TYPE 27264 22-01-2101 
P3 1251-4312 1 CONNECTOR 18-PIN F POST TYPE 27264 22-01-2181 
1251-3476 at CONTACT-CONN U/S POST TYPE FEM CRPCP/O P3) |] 28480 1251-3476 
PY 1251-3277 1 CONNECTOR 4-PIN F POST TYPE 27264 09-50-7041 
PS 1251-3275 CONNECTOR 6-PIN F POST TYPE 27264 09-50-7061 
P6 1251-3275 2 CONNECTOR 6-PIN F POST TYPE 27264 09-50-7061 
sl 3100-3380 1 *SWITCH, ROTARY INPUT SELECT 28480 3100-3380 
0370-1103 1 KNOB 28480 0370-1103 
3030-0007 1 SCREW-SET 4-40 .125-IN-LG 28480 3030-0007 
$2,S83 3101-0961 2 SWITCH-SL SPDT-NS MINTR .5A 125VAC/DC PC 79727 G-124-0013 
S4 3101-2042 2 SWITCH-SL DPDT-NS STD 2A 250VAC SLDR LUG 28480 3101-2042 
$5 3101-2042 SWITCH-SL DPDT-NS STD 2A 250VAC SLDR LUG 28480 3101-2042 
S6 3101-2216 1 SWITCH-PB DPDT 4A 250VAC 28480 3101-2216 
5040-7023 1 PUSH ROD 28480 5040-7023 
$7 3101-1299 1 SWITCH-PB DPDT ALTNG .45A 115VAC PC 28480 3101-1299 
0370-0683 1 PUSHBUTTON, OLIVE BLACK 28480 0370-0683 
Tl 9100-0680 1 TRANSFORMER, POWER 28480 9100-0680 
ul 1820-0430 1 IC LM 309 V RGLTR 27014 LM309K 
0340-0580 1 INSULATOR-XSTR RUBBER RED 8G464 7403-10-02 
1200-0456 Z SOCKET-XSTR 2-CONT TO-3-PKG 28480 1200-0456 
U2 1826-0181 1 IC LM 323 V RGLTR 27014 LM323K 
U3 1826-0117 1 IC 7812C V RGLTR 07263 7812KC 
1200-0479 2 SOCKET-XSTR 2-CONT TO-3 SLDR-TUR 91833 4601 
wl 03455-61603 1 CABLE ASSEMBLY, VOLTS 28480 03455-61603 
W2 03455-61604 1 CABLE ASSEMBLY, OHM 28480 03455-61604 
W3 03455-61606 1 CABLE ASSEMBLY, HP-IB CINCLUDES J3 AND P3) | 28480 03455-61606 
WS 03455-61605 1 CABLE ASSEMBLY, POWER 28480 03455-61605 
XFl 2110-0470 1 FUSEHOLDER-EXTR POST 20A 200V UL/IEC 75915 345003-010 
5041-0309 4 2 KEY CAP-UNL PTYGRY 28480 5041-0309 
5041-0139 1 KEY CAP-UNL MG COBS) 28480 5041-0139 
5041-0318 4 21 KEY CAP-L PTYGRY 28480 5041-0318 
5041-0144 1 KEY CAP-L MOSGRY 28480 5041-0144 
5041-0267 4a 1 KEY-CAP UNL 28480 5041-0267 
5041-0450 2 KEY CAP-L SEABLU 28480 5041-0450 
5040-6897 1 LENS, LED 28480 5040-6897 
5041-0375 4A 3 KEY CAP-UNL 28480 5041-0375 
5040-6898 tay LITE PIPE 28480 5040-6898 
7120-6410 1 WARNING LABEL: 50-60 HZ SELECTION 28480 7120-6410 
7120-5911 1 WARNING LABEL: HP-IB 28480 7120-5911 


4 SERIAL NUMBERS 1622A00411 AND ABOVE. REPLACES PARTS 5041-0139 AND 5041-0144. 
4A SERIAL NUMBERS 1622A02436 AND ABOVE. REPLACES 03455-04303. 
AB SERIAL NUMBERS 1622A05631 AND ABOVE, REPLACES PART 5060-7454. 
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Reference 


Designation 


Table 6-3. Replaceable Parts (Cont'd) 


Description 


Mfr Part Number 


MP1 
MP2 
MP3 
MP4 


MP5 
MP6 
MP7 
MP8 
MP9 


MP10 
MP11 
MP12 
MP13 
MP14 4A 


MP15 
MP 16 
MP17 
mMP18 4A 


MP19 4B 


MP20 
MP21 
MP22 


MP 23 


MP24 
MP25 
MP 26 
MP 26 


MP27 
MP 28 
MP 29 
MP30 
MP31 


MP32 
MP33 
MP34 
MP35 


5020-8801 
5020-8832 
5020-8802 
5060-9835 


5060-9847 
5060-9876 
5060-9804 
5040-7219 
5040-7220 


5040-7201 
1460-1345 
5001-0438 
5040-7202 
03455-04303 


03455-00204 
4114-0641 
03455-00401 
03455-00104 
0403-0141 
0403-0152 
1600-0574 


03455-00105 
0403-0152 

03455-00603 
03455-01203 
03455-04107 


03455-01201 
0403-0141 

03455-00602 
03455-04102 
03455-04101 
03455-04108 
03455-04106 


03455-01204 
03455-01101 
03455-00103 
5040-8081 

03455-04301 


03455-00601 
03455-01202 
03455-00301 
03455-04103 
2360-0113 


NNNNS FPN 


PREPS 


Pree 


PRE e 


MECHANICAL PARTS 
FRONT FRAME 
SIDE STRUTS 
*REAR FRAME 
TOP COVER 


BOTTOM COVER 
XSIDE COVER ASSEMBLY 
STRAP HANDLE, 18" 

STRAP HANDLE, CAP, FRONT 
STRAP HANDLE, CAP, REAR 


FOOT 

WIREFORM 1.34-W 3-LG SST 
TRIM STRIP 

TRIM, TOP 

PANEL, FRONT, DRESS REV. F 


SUB-PANEL, FRONT 

*WINDOW DISPLAY 

GUARD ASSEMBLY 

GUARD, MAIN 

GUIDE-PC BD BLK POLYC .062-BD-THKNS 
GUIDE-PC BD BLK POLYC .062-BD-THKNS 1-LG 
“LOCKING STRAP 


GUARD, SIDE 

GUIDE-PC BD BLK POLYC .062-BD-THKNS 1-LG 
SHIELD, A.C. CONVERTER 

BRACKET, FT TERM 

COVER, VOLTAGE REGULATOR 


BRACKET, REFERENCE 

GUIDE-PC BD BLK POLYC .062-BD-THKNS 
SHIELD, LT ISOLATOR 

COVER, BOTTOM GD 

COVER, TOP GD CAVERAGE AC CONVERTER) 
COVER, TOP GUARD CRMS AC CONVERTER) 
COVER, AC CAL 


MOUNTING BRACKET, OUTGD 
HEAT SINK 

GUSSET 

INSULATOR, SLIDE 

PLATE, SLIDE 


COVER, LINE 

BRACKET, TRANSFORMER 

PANEL ASSEMBLY, REAR 

DOOR, REFERENCE 

FASTENER-CPTVE SCR ASSY PANEL THKNS 


4A FOR SERIAL NUMBERS 1622A07666 AND ABOVE. REPLACES PART 03455-00101. 


4B FOR SERIAL NUMBERS 1622407666 AND ABOVE. REPLACES PART 03455-00102. 
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MP19 


MP20 


MP33 


28480 
28480 
28480 
28480 


28480 
28480 
28480 
28480 
28480 


28480 
28480 
28480 
28480 
28480 


28480 
28480 
28480 
28480 
28480 
28480 
28480 


28480 
28480 
28480 
28480 
28480 


28480 
28480 
28480 
28480 
28480 
28480 
28480 


28480 
28480 
28480 
28480 
28480 


28480 
28480 
28480 
28480 
28480 
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5020-8801 
5020-8832 
5020-8802 
5060-9835 


5060-9847 
5060-9876 
5060-9804 
5040-7219 
5040-7220 


5040-7201 
1460-1345 
5001-0438 
5040-7202 
03455-04303 


03455-00204 
4114-0641 
03455-00401 
03455-00104 
0403-0141 
0403-0152 
1600-0574 


03455-00105 
0403-0152 

03455-00603 
03455-01203 
03455-04107 


03455-01201 
0403-0141 

03455-00602 
03455-04102 
03455-04101 
03455-04108 
03455-04106 


03455-01204 
03455-01101 
03455-00103 
5040-8081 

03455-04301 


03455-00601 
03455-01202 
03455-00301 
03455-04103 
2360-0113 
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SECTION VII 
MANUAL CHANGES 


7-1. INTRODUCTION. 


7-2. This section of the manual normally contains informa- 
tion necessary to adapt this manual to instruments for 
which the content does not directly apply. Since, at this 
printing, the manual does apply directly to instruments 
having serial numbers listed on the title page, no change 
information is given here. 
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SECTION VIII 
SERVICE 


8-1. INTRODUCTION. 


8-2. This section contains theory of operation, trouble- 
shooting procedures, safety considerations, and general 
service information for the Model 3455A Digital Volt- 
meter. 


8-3. SAFETY CONSIDERATIONS. 


8-4. Although this instrument has been designed in accor- 
dance with international safety standards, this manual 
contains information, cautions, and warnings which must 
be followed to ensure safe operation and to maintain the 
instrument in safe operating condition. Service and adjust- 
ments should be performed only by qualified service 
personnel. 


8-5. Any adjustment, maintenance, and repair of the 
opened instrument while any power or voltage is applied 
should be avoided as much as possible, and, when inevit- 
able, should be carried out only by a skilled person who is 
aware of the hazard involved. 


Any interruption of the protective grounding 
conductor (inside or outside the instrument) or 
disconnection of the protective earth terminal 


is likely to make the instrument dangerous. 
Intentional interruption of the protective 
grounding conductor is strictly prohibited. 


8-6. It is possible for capacitors inside the instrument to 
still be charged even if the instrument has been discon- 
connected from its power sources. 


8-7. Be certain that only fuses with the required current 
rating and of the specified typed (normal blow, time delay, 
etc.) are used for replacement. The use of repaired fuses 
and the short-circuiting of fuse holders must be avoided. 


The service information presented in _ this 
manual is normally used with the protective 
covers removed and power applied to the 
instrument. Energy available at many points 
may, if contacted, result in personal injury. 


8-8. RECOMMENDED TEST EQUIPMENT. 


8-9. Test equipment required to maintain the Digital Volt- 
meter is listed in Table 1-3. Equipment other than that 
listed may be used if it meets the listed critical specifica- 
tions. 


AUTO CALIBRATION 
ANO 


MEASUREMENT 
SWITCHING 


OHMS 
CONVERTER 


3455-8-4455 


HP-IB 
INPUT/OUTPUT 


MAIN 
CONTROLLER 


FRONT PANEL rt 
pees 


Figure 8-1. Function Block Diagram. 
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THEORY OF OPERATION 


8-10. INTRODUCTION. 


8-11. The following paragraphs contain both a general and 
detailed description of the methods and circuits used in the 
Model 3455A Multimeter. The general description explains 
the basic purpose of each block of the functional block 
diagram shown in Figure 8-1. The detailed description 
describes the methods and pertinent circuitry used to 
accomplish the function of each block of the detailed block 
diagram. 


8-12. INPUT SWITCHING AND DC ATTENUATOR. 
8-13. General. 


8-14. The front or rear input terminals of the 3455A are 
selected by a two-section rotary switch located on the 
rear panel of the instrument. Reed relays are used to per- 
form all internal input switching where voltages greater 
than 17 volts may be encountered. All other input switch- 
ing is done with FET switches. 


8-15. Detailed Description. 


8-16. Refer to Figure 8-2, Simplified Input Switching Dia- 
gram. The front or rear inputs for “Volts”, “Ohms” and 
“Guard”’ are selected by rear panel switch S1. Relays K3 
and K9 connect the Ohms Converter to the “Ohms Signal” 
terminals. Relays K2 and K4 are used to convert the Multi- 
meter from 4-wire to 2-wire ohms measurement capability. 


The “Input” terminals are connected to the dc preampli- 
fier input on the .1 V dc through 10 V de and all “Ohms” 
ranges by relay K1 and FET switch Q1. Relay K5 connects 
the input to the operational attenuator on the 100 and 
1000 V dc ranges. Output of the Attenuator is connected 
to the input of the dc preamplifier by FET switch Q15 on 
the 100 V de range and by FET switch Q16 on the 1000 V 
de range. The AC Converter output is connected to the de 
preamp input by FET switch Q3. 


8-17. Operational Attenuator. 


8-18. The Operational Attenuator provides a fixed attenu- 
ation of 10-to-1 on the 100 V de range or 100-to-1 on the 
1000 V dc range. Figure 8-3 shows a simplified diagram of 
the attenuator. The circuit operates as a conventional oper- 
ational amplifier with fractional gains of .1 and .01. A gain 
of lis selected by FET switch Q38 when the attenuator is 
not in use. The amplifier input is protected from overload 
by diodes CR27 and CR28. Output of the amplifier is 
limited to approximately plus or minus 17 V dc by protec- 
tion diodes CR29 through CR31. 


8-19. AUTO CALIBRATION—DC VOLTAGE. 
8-20. General. 


8-21. The purpose of the Auto Calibration sequence is to 
eliminate offset and gain errors which may be present in the 


FROM = 93 
AC 

To CONVERTER 

A 


iC 
CONVERTER pc 
PREAMP. 


| 


N 
r 


wy 


- 


TO OHMS 
CONVERTER 


TO OHMS 


if 


: 
| 


CONVERTER 


3455-B-4460 


Figure 8-2. Simplified Input Switching Diagram. 
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3455A-B-4457 
Figure 8-3. Operational Attenuator Diagram. 


analog circuitry of the Voltmeter. This is accomplished by 
measuring the offset and gain errors and mathematically 
correcting for them. Each error measurement is stored in 
“memory” by the main controller as a constant. These 
constants are sequentially updated. The output reading of 
the Voltmeter is computed by the Main Controller and is 
equal to the ratio of the external input to the internal refer- 
ence, times a range factor. Figure 8-4 shows a very basic 
diagram of the Voltmeter. 


OPERATIONAL 
ATTENUATOR 
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3455-B-4458 


Figure 8-4. Basic Voltmeter Diagram. 


A basic equation describing a measurement of one of the 
three inputs is: V(_) = (E( ) + Eo)G; where V(_ ) is the par- 
ticular output, E( ) is one of the three inputs, Eg is the 
internal offset error, and G is the circuit gain. Closing 
switch S1 applies the internal reference voltage. The circuit 
output would be: Vref = (Eref + Eg) G. The offset error is 
measured by closing S2, grounding the input. The resultant 
output would be Vg = EoG. Measurement of the external 
input would yield Vin = (Ejn + Ep)G. The equation describ- 
ing the Auto-Calibration is: 


Output Reading = Nin-Vo xX, 

Vref- Vo 
Substituting the basic equations into the Auto-Cal 
equation would yield: 


Output Reading = (Ein tEo)G-EoG , K; 
(Eref + Eg) G - EgG 


This equation reduces to: 


Output Reading = Ein x K; 
Eref 
or: the output reading is equal to the ratio of the 


3455-B-4531 


Figure 8-5. Simplified Auto-Cal Switching Schematic. 
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cal switching circuitry. The following paragraphs describe 


external input voltage to the internal reference volt- 
circuit operation for the various auto-cal measurements. 


age times the range factor (Ky). 


B22. Cireute Descuption. 8-24. 10 V dc Input Offset Error Measurement. Figure 8-6 


8-23. Figure 8-5 shows a simplified schematic of the auto- illustrates the circuit configuration for making the 10 V dc 


TO A/D 
CONVERTER 


3455-B-4531 


OPERATIONAL 
ATTENUATOR 


3455-B-4531 


OPERATIONAL 


Figure 8-7. 1 V de Input Offset Error Measurement. 
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Offset Error Measurement. The DC Preamp input is 
grounded through a 100 kilohm resistor by FET switch 
A1l0Q2. A DC Preamp gain of X1 is selected by FET switch 
A10Q19. The resultant measurement is the offset voltage 
present on the 10 V dc range. This number is stored by the 
main controller for use in correcting measurements made 
on the 10 V dc range. 


8-25. 1 V de and .1 V de Input Offset Error Measurement. 
Offset error measurements on the 1 V de and .1 V dc ranges 
are made in the same manner as the 10 V dc range except 
for DC Preamp gains of X10 for the 1 V de range and X100 
for the .1 V dc range. The circuit configuration for the 1 V 
dc Offset Error Measurement is shown in Figure 8-7. A DC 
Preamp gain of X10 is selected by FET switch A10Q21. 
Figure 8-8 shows the circuit configuration for making the 
.1 V de Offset Error Measurement. In this case, the feed- 
back path for the DC Preamp is through Amplifier A10U3, 
which has unity gain, FET switch Q27, the precision 10-to- 
1 divider (A11R7 and Al1R8) and FET switch A10Q18 for 
a gain of 100. The resultant measurements are stored by the 
main controller to correct measurements made on the .1 V 
dc and 1 V dc ranges. 


8-26. 100 V de and 1000 V dc Input Offset Error Measure- 
ment. On the 100 V de and 1000 V de ranges the input of 
the operational attenuator is grounded through a 100 kil- 
ohm resistor by relay A10K6 and FET switch A10Q34 (see 
Figure 8-9). On the 100 V dec range, the feedback of the 
operational attenuator is selected by FET switch A10Q35 
(attenuation of 10-to-1). The output of the operational 
attenuator is applied to the input of the DC Preamp 
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through FET switch A10Q15. Attenuator feedback on the 
1000 V dc range is selected by FET switch A10Q39 (atten- 
uation of 100 to 1) and is applied to the DC Preamp input 
through FET switch A10Q16. DC Preamp gain is X1 for 
both error measurements. 


8-27. 10 V de Gain Error Measurement. On the 10 V dc 
range the gain error measurement is made by applying the 
internal reference voltage (+ 10 V dc), through a 100 kil- 
ohm resistor and FET switch A10Q4, to the input of the 
DC Preamp (see Figure 8-10). A DC Preamp gain of X1 is 
selected by FET switch A10Q19. The measurement result 
is stored by the main controller as the 10 V dc full scale 
constant. 


8-28. .1 V de and 1 V de Gain Error Measurement. On the 
1 V dc range, the reference voltage is applied to the DC Pre- 
amp input through the precision ten-to-one divider (A11R7 
and R8) by FET switches A10Q31 and A10Q16 (see Figure 
8-11). The lower end of the ten-to-one divider is held at 
virtual ground by closing FET switch A10Q38. Output of 
the ten-to-one divider is 1 V dc. A DC Preamp gain of X10 
is selected by FET switch Al10Q21. The measurement result 
is stored by the main controller as the 1 V dc full scale 
constant. 


8-29. A separate gain error measurement is not made for 
the .1 V dc range. Since the only difference between the 
1 V de and .1 V de circuit configuration is a precise gain of 
ten, the .1 V dc gain error constant is computed by the 
main controller. 


3455-B-453) 


Figure 8-8. .1 Vdc Input Offset Error Measurement. 
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separate offset Error measurement is made to include any 
offsets present in the ten-to-one divider and associated 
circuitry. Figure 8-12 illustrates the circuit configuration 


8-30. 1 V de Reference Offset Error Measurement. Since 
the 1 V dc full scale reference was derived by dividing the 
internal reference by the precision ten-to-one divider, a 


TO A/D 
CONVERTER 


3455-B-4531 
RANGE — RANGE 
OPERATIONAL 
ATTENUATOR 


CONVERTER 


3455-B-4531 


OPERATIONAL 
ATTENUATOR 


Figure 8-10. 10 V de Gain Error Measurement. 
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for the 1 V dc Reference Offset Error Measurement. The 8-31. 100 V de and 1000 V de Gain Error Measurement. 
& input of the DC Preamp is grounded through the ten-to-one Figure 8-13 shows the circuit arrangement for making the 
divider by FET switch A10Q16. Preamp gain is X10. 100 V dc gain error measurement. The reference voltage is 


TO A/D 
CONVERTER 


3455-8-453) 


VIRTUAL GROUND 
OPERATIONAL 


3455-B-4531 


VIRTUAL GROUND 
OPERATIONAL 


Figure 8-12. 1 V dc Reference Offset Error Measurement. 
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connected to the input of the operational attenuator is connected to the DC Preamp input by FET switch 
through FET switch A10Q33 and relay A10K6. The attenu- A10Q15. A DC preamp gain of X10 is selected by FET @ 
ator is set to a gain of 0.1 (10 to 1 attenuation) by FET switch Al10Q21. The measurement result is stored by the 

switch Al10Q35. The output of the operational attenuator main controller as the 100 V de gain error constant. 
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Figure 8-14. 100 V de Reference Offset Error Measurement. 
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8-32. A separate gain error measurement is not made for 
the 1000 V dc range. Since the only difference between 
the 100 V dc and 1000 V de circuit configuration is a 
precise attenuation difference of 10, the 1000 V dec gain 
error constant is computed by the main controller. 


8-33. 100 V dc Reference Offset Error Measurement. 
Since the reference voltage for the 100 V dc range is 
divided by the operational attenuator; a separate offset 
error measurement is made to include any offsets which 
might be associated with the attenuator and FET switches 
used. Figure 8-14 illustrates the circuit configuration for 
this measurement. 


8-34. AUTO—CALIBRATION — OHMS. 
8-35. General. 


8-36. During the ohms function the ohms converter sup- 
plies a current through both the unknown resistance and 
the reference resistance (see Figure 8-15). Since the same 
current flows through both resistors, their respective volt- 
age drops are proportional. As with the DC Auto-Cal 
sequence, the offset errors are measured and subtracted 
from the unknown and reference resistance measurements. 
The voltage developed across the unknown resistor is mea- 
sured by closing S1 while the reference voltage, developed 
across the reference resistor, is measured by closing S2. The 
value of the unknown resistance is computed by the main 
controller. An equation describing this computation is: 
—(U(VRx + Eg) G1 — Eg G4) 


ee 
(VREF + Eo) G2 — Eg G2 


VIRTUAL GROUND 
ATTENUATOR 
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TN, 


UNKNOWN 
RESISTANCE 


REFERENCE 
RESISTANCE 


34558-4459 


Figure 8-15. Basic Ohms Measurement Diagram. 


where Rx is the unknown resistance value, Vpx is the volt- 
age drop across the unknown resistance, VR ref. is the volt- 
age drop across the reference resistance, Eo is the input 
offset error, Gj] and G9 are the circuit gains of the particu- 
lar measurements, and Ky is the range factor. This equation 
simplifies to: 


_ VRx GI 


> Kr 
VREF G2 


8-37. Circuit Description. 


8-38. .1 kQ, 1 kQ, 1 MQ Offset Error Measurements. The 
offset error constants derived for the .1 V dc and 1 V dc 
ranges are also used for the .1 kQ, 1 kQ, and 1 MQ offset 
error constants, since the circuit configurations are the 
same. Refer to Paragraph 8-25 for a description of these 
offset error measurements. 


8-39. 10 kQ, 100 kQ, 10 MQ Offset Error Measurements. 
Two additional offset measurements are made to compen- 
sate for errors which might be present when making mea- 
surements on the 10 kQ, 100 kQ, or 10 MQ ranges. Figure 


3455-B-4531 


Figure 8-16. 10 k{2, 100 kQ2, 10 MQ2 Offset Error Measurement. 
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R6I 
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Figure 8-17. Ohms Reference Measurement. 


Note 1: VOLTAGE LIMITED TOSV. 

8-16 illustrates the circuit configuration for these measure- 
ments. The DC Preamp input is grounded through a 100 kQ 
resistor by FET switch Al0Q2. The feedback path for the 
X2 gain is through FET switches Al10Q22 and A10Q21. 
Feedback for X20 gain is through A10Q22, isolation amp- 
lifier A10U3, switch A10Q27, the precision 10-to-1 divider 
and switch A10Q18. A separate measurement is made for 
both gains and the results are stored by the main controller. 
8-40. .1 kQ, 1 kQ, 10 kQ Reference Measurements. The 
ohms reference voltage is developed across the reference 
resistance. On the .1 kQ through 10 kQ2 ranges the refer- 
ence resistance is 1 kQ (see Figure 8-17). The .7 mA 
current source is connected to the 1 kQ reference through 
relay Al1OK7. The 999 kQ) reference resistor is shorted 
by the combination of relay Al0K7 and A10K8. The refer- 
ence voltage is applied to the DC Preamp input through 


+l0V 


FET switch A10Q13. The reference is measured prior to 
each measurement of the unknown resistance. 


8-41. 100 kQ, 1 MQ, 10 MQ Reference Measurements. On 
the 100 kQ range, A10K7 is opened and the .7 mA current 
source is applied to the combination of R1 and RS (1 MQ). 
The reference voltage developed across R1 and RS is ap- 
plied to the DC Preamp input through FET switch 
A10Q14. On the 1 MQ and 10MQ ranges, relay A10K8 is 
opened and the .7 wA current source is applied to the 1 MQ 
reference resistance. The reference voltage is applied to 
the DC Preamp input through A10Q14. 


8-42. AUTO CALIBRATION—A/D CONVERTER. 


8-43. Two Auto-Cal measurements are made to correct 
errors which might be generated in the A/D Converter. One 
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Figure 8-18. Simplified A/D Converter Diagram. 
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measurement is made to correct for offsets. The second 
measurement is made to correct for any difference between 
the plus and minus “run-down” current references. 


8-44. Circuit Description. 


8-45. Offset Error Measurement. Figure 8-18 shows a 
simplified schematic of the A/D Converter. During the 
offset error measurement all input switches to the inte- 
grator are opened. During the integration period, the inte- 
grator is permitted to charge to a voltage equal to any off- 
set current present in the integrator circuit. At the end of 
the integration period the integrator is “run-down” and 
the offset digitized and stored as the A/D Converter offset 
error by the main controller. 


8-46. Current Ratio Measurement. During the current 
ratio measurement the plus and minus references are 
applied to the input of the integrator through diode switch 
Uld and U2d. The references are switched at a 1 milli- 
second rate during the integration period (133 milli- 
seconds). At the end of the integration period, the accumu- 
lated charge on the integrator is “run-down” digitized and 
stored as the current ratio constant. The purpose of this 
measurement is to correct for any imbalance between the 
positive and negative current references. 


8-47. TRUE RMS AC CONVERTER. 
8-48. General. 


8-49. The rms converter uses operational circuitry, rather 
than a thermal element, to convert the ac signal to a de 
level equivalent to the rms value of the input signal. Use of 
the operational rms converter permits faster ac measure- 
ment rates. The frequency range of the true rms converter 
is 30 Hz to 1 MHz during normal operation and 300 Hz to 
1 MHz during fast ACV operation. Full scale output of the 
rms converter is 6.6667 V dc. Figure 8-19 is a simplified 
schematic of the true rms converter. The mathematical 
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expression describing the measurement of an rms level is 
V output = ¥ Vin? which states that the output voltage 
(Vo) is equal to the square root of the average of the abso- 
lute value of the input voltage (Vip) squared. The circuitry 
used in the rms converter solves for the expression 


V | Vinl? which is identical to Vin *. 
8-50. Circuit Description. 


8-51. AC Input Attenuator. The input attenuator of the 
rms converter is an RC circuit which provides a fixed 
attenuation of 100-to-1 on the 100 V ac and 1000 V ac 
ranges. Attenuator switching is performed by reed relays 
which are controlled by the inguard controller. 


8-52. Input Amplifier. An operational amplifier with fixed 
gains of x1 and x0.1 is used as the input amplifier. The 
combination of amplifier gain and input attenuation are 
used to maintain a full-scale output of 1 V rms from the 
input amplifier. Table 8-1 shows the input attenuation and 
amplifier gain combinations used on each range. 


Table 8-1. AC Converter Ranging. 


Input 
Voltage Attenuation Amplifier Total 
Range Factor Gain Gain 


8-53. Absolute Value Amplifier. The absolute value ampli- 
fier, as the name implies, solves for the absolute value of 
the signal input ‘to it. The operation of this circuit is similar 
to a full wave rectifier. That is the negative portion of the 
signal is inverted and combined with the positive portion. 
The resultant positive signal is applied to the input of the 
squaring amplifier. 
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Figure 8-19. Simplified True RMS Converter. 
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8-54. Squaring Amplifier. The squaring amplifier is a log 
amplifier circuit which takes the log of the input voltage, or 
in this case since there are two transistors (Q9A and Q11A) 
in the feedback loop, takes twice the log of the input 
voltage. Therefore, the output of the squaring amplifier is 
equal to 2 log IV in| or log | V in|?. 


8-55. Square Root and Averaging Amplifier. The square 
root amplifier reverses the action of squaring amplifier. 
The input to the amplifier is through logging transistors 
Q11B and Q9B. Output_of the square root amplifier is 
equivalent to 1/2 log | Vinl? or log YI VinI?. The 
operations of the square root amplifier and the averaging 
amplifier are simultaneous and inter-dependent. The com- 
bined output of the two circuits is a dc level proportional 
to the rms value of the input signal. 


8-56. AVERAGE RESPONDING AC CONVERTER 
(Option 001). 


8-57. General. 


8-58. The average ac converter is an average responding cir- 
cuit calibrated to the rms value of a sinusoidal input. Full 
scale output of the converter is 6.6667 V dc for all ranges. 
Figure 8-20 shows a simplified schematic of the converter. 


8-59. Circuit Description. 


8-60. AC Input Attenuator. The ac input attenuator is an 
RC circuit which provides a fixed attenuation of 100-to-1 
on the 100 V ac and 1000 V ac ranges. Attenuator switch- 
ing is done by reed relays which are controlled by the 
inguard controller. Input resistance of the AC Converter is 
approximately 2 megohms. 
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Figure 8-20. 
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8-61. Converter Amplifier. The converter amplifier uses a 
dual FET input stage to maintain a high input impedance. 
An operational amplifier provides the necessary gain to 
drive the output stage of the converter amplifier. The out- 
put stage of the amplifier is a current driver circuit. Two ac 
feedback paths provide fixed gains of 1 or 0.1. An integrat- 
ing amplifier (U4) is used to maintain a dc level of 0 V dc at 
the output of the Converter Amplifier. The integrating 
amplifier also determines the low frequency cut-off point 
of the Converter Amplifier. (The cut-off frequency is ap- 
proximately 300 Hz on the FAST ACV mode and 30 Hz on 
the ACV mode.) A diode protection circuit is used to limit 
the output of the Converter Amplifier to approximately 
+ 6 V peak to prevent saturation of the amplifier. 


8-62. AC Ranging. AC ranging is accomplished by attenu- 
ating the input signal and changing the gain of the converter 
amplifier. The input attenuator provides a fixed attenuation 
of 100 to 1. The Converter Amplifier has fixed gains of 1 
or 0.1. Table 8-1 shows the various combinations of amp- 
lifier gain and input attenuation necessary for the input 
voltage ranging. Full scale output of the Converter Amp- 
lifier is approximately 1 volt rms for all ranges. 


8-63. Rectifier and Filter Amplifier. The output of the 
Converter Amplifier is applied to a rectifier circuit which 
produces both a positive going and a negative going half- 
wave rectified signal output (see Figure 8-20). The rectified 
signals are summed to provide ac feedback for the Con- 
verter Amplifier. The Filter Amplifier has a fixed gain of 
approximately 6.6. The feedback circuitry of the Filter 
Amplifier provides one pole of filtering. The output of the 
Filter Amplifier is applied to a one pole RC filter network 
for FAST ACV operation and a two pole RC filter network 
for ACV operation. 
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8-64. Output Buffer Amplifier. An Operational Amplifier 
with unity gain is used to isolate the output of the AC Con- 
verter. Full scale output of the AC Converter is + 6.6667 V 
dc for all ranges. 


8-65. OHMS CONVERTER. 
8-66. General. 


8-67. The Ohms Converter is a voltage limited current 
source which supplies a constant current through the 
unknown and reference resistors until the output voltage 
reaches approximately 4.75 volts dc. At this point the con- 
verter becomes a constant voltage source. During the cur- 
rent mode of operation the converter supplies a constant 
current of .7 mA on the 100 ohm through 100 kilohm 
ranges or .7 microamps on the 1 and 10 megohm ranges. 
The converter becomes a constant voltage source when 
measuring resistance greater than 5.8 kilohm on the 10 and 
100 kilohm ranges and greater than 5.8 megohm on the 10 
megohm range. Since the same current flows through both 
the unknown resistance and the reference resistance, the 
voltage drops across them are directly proportional. The 
unknown resistance value is the ratio of the voltage drop 
across the unknown resistance times circuit gain to the 
voltage drop across the reference resistance times circuit 
gain multiplied by the range constant; or 
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8-68. Circuit Description. 


8-69. Ohms Converter Power Supply. An inverter circuit 
is used to derive power for the ohms converter. The inverter 
operates at a frequency of 30.72 kHz on 60 Hz operation 
or 25.6 kHz on 50 Hz operation. Transformers A10T1 and 
A12T1 provide complete isolation of the ohms converter. 


8-70. Current Source. Figure 8-21 shows a simplified sche- 
matic of the current source used in the ohms converter. The 
circuit is designed to provide an output current of .7 mA or 
.7 wA. Output current is determined by resistors R3, RS, 
and R6. During the .7 mA mode of operation, (100 ohm 
through 100 kilohm ranges) relay K8 shorts resistor R3. 
The output current is then determined by R6 and is equal 
to the reference voltage (+ 6.2 V) divided by the resistance 
of R6, or Ig = 6.2/8.87 K =.7 mA. During the .7 uA mode 
of operation, (1 megohm and 10 megohm ranges) both K7 
and K8 are open. Resistors R5 and R6 form a divider which 
divides the + 6.2 V reference to + .7 V. The output current 
is now determined by the .7 V across R3 or Ip =.7 V/1 M 
= .7 wA. Operational Amplifier U1 drives output transistor 
Q4 and provides the gain necessary to maintain the proper 
output current. Relay K7 is used to select a reference 
resistance of 1 kilohm for the .1 kilohm through 10 kilohm 
ranges or 1 megohm for the 100 kilohm through 10 
megohm ranges. Both the reference resistance and the 
unknown resistance are in the feedback circuit of the 
operational amplifier. 
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Figure 8-21. 
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Figure 8-22. Ohms Converter Voltage Limit. 


8-71. Voltage Limit. Figure 8-22 shows a simplified sche- 
matic of the voltage limit circuit used in the ohms con- 
verter. During the current mode of operation the non- 
inverting input of U2 is positive, as referenced to ohms 
ground. In this mode the positive output of U2 is blocked 
by CR14, making the voltage limit circuit inoperative. As 
the resistance of Ry is increased the collector voltage of Q4 
becomes more negative. This change is coupled to the non- 
inverting input of U2 through the voltage divider composed 


of R14 and R23. As the input of U2 approaches 0 V the 
output reverses polarity and forward biases CR14. At this 
point U2 takes control of output transistor Q4 and main- 
tains a constant voltage of approximately - 4.7 V dc at the 
collector. During the time the ohms converter is in the volt- 
age limit mode, transistor Q3 supplies the feedback neces- 
sary to balance the current source circuit (see Figure 8-21). 
The converter operates as a voltage source when measuring 
resistances greater than 5.8 kilohm on the 100 ohm through 
100 kilohm ranges and greater than 5.8 megohm on the 1 
megohm and 10 megohm ranges. 


8-72. Overload Protection. The ohms converter is pro- 
tected from the accidential application of high voltage to 
the ohms terminals by diodes CR1, CR2, CR11 and CR12. 
These diodes provide a current path through R23 and the 


ohms reference resistance to dissipate the applied voltage.. 


High voltage diode CR8 prevents current flow through Q4 
when a negative voltage is applied to the “High” ohms 
terminal. High voltage transistor Q4 is biased off to pre- 
vent current flow when a positive voltage is applied. 


8-73. DC PREAMPLIFIER. 
8-74. General. 


8-75. The DC Preamplifier provides the necessary isolation 
and amplificiation of signals from the dc input, ac or ohms 
converter, and Auto Cal circuits for use in the A-to-D Con- 
verter. The DC Preamplifier is designed to provide high 
input impedance and linear gain characteristics. 


8-14 


8-76. Circuit Description. 


8-77. Input Circuit. A dual FET (Q17) is used as the input 
to the DC Preamplifier to provide high input impedance. 
The sources of Q17 are driven by a current source (Q24) to 
maintain linear circuit operation. Operational amplifier U2 
provides the gain necessary to drive the output circuit of 
the preamplifier. 


8-78. Output Circuit. The output circuit of the DC Pre- 
amplifier consists of an amplifier (Q7 and Q8) and a current 
source (Q12). Operation of the output amplifier is similar 
to that of an inverting operational amplifier with a gain of 
approximately 30 (see Figure 8-23). The amplifier controls 
the output by shunting current from the current source. 
The output circuit drives the DC Preamplifier feedback cir- 
cuitry and the A/D Converter. 


8-79. Feedback Circuit. The feedback circuitry for the DC 
Preamplifier consists of two 10-to-1 resistive dividers, a 
buffer amplifier, and FET switches. Figure 8-24 shows a 
simplified schematic of the feedback circuitry and lists the 
various switch closures necessary for the particular pre- 
amplifier gains. Buffer Amplifier U3 is a precision X1 Amp- 
lifier used to isolate the output divider from the precision 
10-to-1 divider. 


8-80. Overload Protection. The preamplifier circuit is pro- 
tected from saturation by diodes CR4 and CRS. These 
diodes limit the voltage difference between the drains of 
Q17. The output of the preamplifier is limited to approxi- 
mately + 17 V by zener diode CR7 and diode CR6 clamp- 
ing the output stage of U2. 


8-81. Switch Bias Amplifier. The switch bias amplifier sup- 
plies a gate bias voltage for the FET switches to make the 
gate-to-source voltage equal to zero during the time the 
FET switches are ON. The bias amplifier has a unity gain 
and uses an FET input to prevent loading of the input 
signal. Output of the bias amplifier is coupled through 100 
kilohm reistors to the gates of the input switching FET’s. 
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Figure 8-24. DC Preamp, Simplified Feedback Circuitry. 
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Figure 8-25. Simplified Voltage Reference Diagram. 


8-82. REFERENCE ASSEMBLY. 
8-83. General. 


8-84. The reference assembly for the 3455A contains the 
components and adjustments for the ohms converter refer- 
ence resistance, the precision ten-to-one divider, and the 
+ 10 V dc reference voltage. The reference assembly is 
designed to be removed from the Multimeter for calibration 
and contains all adjustments for the DCV and OHMS func- 
tions. 


8-85. Circuit Description. 


8-86. The ohms reference circuit is an adjustable resistive 
network which supplies a precise 1 kilohm or 1 megohm 
reference. The precision ten-to-one divider is an adjustable 
resistance divider used to produce the 1 volt reference volt- 
age and a precise ten-to-one division for use in the opera- 
tional attenuator and DC preamp feedback circuitry. Figure 
8-25 shows a simplified diagram of the reference voltage cir- 
cuit. The reference for this circuit is a package which con- 
tains a reference diode and heater plus associated circuitry. 
An operational amplifier (U2) provides the necessary gain 
to supply a stable + 10 V dc output. Resistors Rg and Rp 
form a voltage divider to provide the proper feedback for 
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the operational amplifier. These resistors are a fine-line cir- 
cuit contained in an IC package and are composed of the 
basic resistances plus padding resistors to match the divider 
to the particular reference diode. Resistance Rg also 
includes a potentiometer which is used as the ‘‘fine”’ adjust- 
ment for calibrating the + 10 V dc output. The circuit is 
returned to the - 15 volt supply to reduce ground currents. 


8-87. ANALOG—TO-—DIGITAL CONVERTER (A/D). 
8-88. General. 


8-89. The 3455A Multimeter uses a multi-slope integration 
technique to convert analog input signals to digital informa- 
tion. This method permits relatively high speed, high accur- 
acy measurements. The following explanation of the A/D 
Converter operation uses the integrator output waveform 
pictured in Figure 8-26. The waveform shown is for a nega- 
tive input voltage. For positive inputs the integrator output 
would range between 0 and - 10 volts. This waveform can 
be divided into three major portions: the integration period 
(time T1), the run-down period (time T2) and the auto-zero 
period (time T3). During time T1, the input voltage is inte- 
grated and the most significant digits of the output reading 
are determined. During time T2 the input voltage is re- 
moved and the charge remaining on the integrator capacitor 
is used to determine the least significant digits of the 
output reading. During time T3, the integrator is reset to 
approximately O volts and readied for the next reading. At 
time Tg, the input voltage from the DC Preamp is applied 
to the A/D converter and causes the integrator capacitor to 
charge (period tc,). The rate at which the integrator capac- 
itor charges depends upon the amplitude of the input volt- 
age applied (see Figure 8-27). If the voltage at the output of 
the integrator reaches plus or minus 10 volts the 10 V com- 
parator is enabled and interrupts the inguard controller. 
The controller switches in a reference current opposite in 
polarity amount of time (period td) and causes the inte- 
grator to discharge. At the end of period td, the reference 
voltage is removed allowing the integrator to again charge 
(period tc). This charge, discharge sequence may be 
repeated throughout integration period T]. 


8-90. The period during which the digital counters are 
“counting” occurs during the td cycles. The total number 
of “counts” is therefore dependent upon the number of td 
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Figure 8-26. Integrator Output Waveform. 
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Figure 8-27. Integrator Output Waveforms for Different Input Voltage Levels. 


cycles. The number of charge-discharge cycles depends 
upon the input voltage applied (as shown in Figure 8-27) 
and whether the voltmeter is in the 5 or 6 digit readout 
mode. For the 5 digit mode, time T1, is 1/60 second (1/50 
second for 50 Hz operation) and approximately 16 charge- 
discharge cycles occur for a full scale input. During 6 digit 
operation, time Ty is increased to 8/60 second (8/50 
second for 50 Hz operation), allowing approximately 127 
charge/discharge cycles to occur for a full scale input. 


8-91. At the end of time T 1, the input voltage is removed 
and the reference voltage applied. The integrator is quickly 
discharged at a fixed rate to approximately 0.2 volts 
(period tf). During period tg the discharge rate is slowed to 
allow accurate zero detection (point of complete dis- 
charge). This type of run-down permits both speed and ac- 
curacy. The “counts” accumulated during the run-down 
period (T2) are scaled and added to those made during time 
Ty for the final measurement. 


SWITCH 
INPUT 


Uld 
Q3 


RIS 
INPUT FROM __!9-8K 
DC PREAMP 


8-92. Circuit Description. 


8-93. Input and Reference Switching. The A/D input and 
reference switching is controlled by the inguard controller. 
The input from the DC Preamp is applied to the integrator 
input through a 19.8 kilohm resistor (R15) and FET switch 
Q3. The integrator charge current due to the input voltage 
is established by R15 and is equal to the input voltage 
divided by 19.8 kilohms. FET switch Q3 is closed through- 
out the integration period (time T], Figure 8-26) and is 
open during periods T2 and T3. 


8-94. There are four separate current references in the A/D 
Converter. Two of these are positive references and are used 
when the A/D input voltage is negative. The other two 
references are negative references and are used for positive 
inputs. In Figure 8-28 the positive references are shown 
above the integrator input line and the negative references 
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Figure 8-28. Simplified A/D Input and Reference Switching Diagram. 
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are below. Both the positive and negative references have a 
“fast”? discharge reference and a “slow” discharge reference. 
The fast discharge references are used during the td cycles 
of the integration period to discharge the integrator and are 
also used for the “‘fast run-down” period (time tf). The 
“slow” discharge references are used during the “slow run- 
down” period (time ts) only. Diodes are used to switch the 
references because of their high speed switching ability. 
The following description uses the positive “fast-discharge” 
reference, consisting of Ula, R4, CR2 and Ul1d, to explain 
the reference switching operation. Except for different 
input levels to the negative reference switches, operation of 
all reference switching is identical. 


8-95. During the time the switch is turned “off”, diode 
CR2 is forward biased by approximately - 2 V dc on the 
cathode. Current flows from the + 20 volt supply through 
R4 and CR2. Under this condition the voltage at the anode 
of Uld is negative (approximately - 1.5 V dc) which reverse 
biases Uld, holding it off. (The cathode of Uld is held at 
virtual ground by the integrator.) During the “on” condi- 
tion, CR2 is reverse biased by applying approximately 
+ 3 V dc to the cathode. Diode Uld becomes forward: 
biased and allows the current to flow through R4 to the 
integrator input. The purpose of diode Ula is to compen- 
sate for the voltage drop across switching diode Uld by 
raising the reference voltage by one diode drop. The refer- 
ence current is determined by the voltage across R4 (10 V 
dc/10 kilohms = 1 mA). 


8-96. Integrator. The voltmeter uses a conventional inte- 
grator circuit with a dual FET input stage for isolation. 
Operational amplifier U3 provides the gain necessary to 
keep the input voltage at 0 V (see Figure 8-29). 


8-97. Slope Amplifier. The purpose of the slope amplifier 
is to increase the speed of the “auto-zero” function and 


THEORY OF OPERATION 


Model 3455A 


reduce sensitivity to offsets in the zero detect comparator. 
The slope amplifier is a conventional non-inverting operat- 
tional amplifier with a gain of 100 and is used to drive the 
auto-zero circuitry and zero detect comparator. Sensitivity 
at the output of the integrator is approximately .5 milli- 
volts per count of output reading. 


8-98. Auto-Zero. The purpose of auto-zero is to reset the 
integrator to a known level. During this mode of operation 
FET switch Q4 is closed, completing the auto-zero loop 
through slope amplifier U4. The integrator capacitor (C2) 
is used as the auto-zero capacitor and stores a charge 
equal in amplitude and opposite in polarity to any offsets 
in the integrator and slope amplifier circuits. This charge 
effectively cancels the offset errors generated by these 
circuits. 


8-99. Zero Detect Comparator. The output signal of the 
zero-detect comparator is used to determine the polarity of 
the output reading and which integrator discharge refer- 
ences to apply. The output of this circuit is approximately 
+ 5 volts for negative inputs and near O volts for positive 
inputs to the A/D Converter. 


8-100. Absolute Value Amplifier. As the name implies, the 
absolute value amplifier is a unity gain circuit which pro- 
duces a positive output for either a positive or negative 
input. During positive inputs, the negative output of U5 
forward biases transistor Q6 allowing it to conduct. For 
negative inputs transistor Q6 is biased off and amplifier US 
conducts through diode CR12. 


8-101. 10 volt Detect Amplifier. The purpose of the 10 
volt Detect Amplifier is to detect when the charge on the 
integrator has reached plus or minus 10 volts. This informa- 
tion is used by the inguard controller in determining when 
to apply the discharge references during the integration per- 
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Figure 8-29. Simplified A/D Converter Diagram. 
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iod (time T1, Figure 8-26). For inputs less than 10 volts 
the output of the 10 volt Detect Amplifier is near 0 volts. 
As the input reaches 10 volts the output switches to 
approximately + 5 volts. 


8-102. 0.2 volt Detect Amplifier. The purpose of the .2 
volt Detect Amplifier is to detect when the integrator has 
discharged to approximately .2 volts during period T2 
(Figure 8-26). This information is used by the inguard 


controller in determining the point to remove the “‘fast-- 


discharge” reference and apply the ‘“‘slow-discharge” 
reference. 


8-103. INGUARD CONTROLLER. 
8-104. General. 


8-105. Figure 8-30 shows the basic steps performed by the 
inguard controller. The inguard controller receives data con- 
taining range, function, and resolution information from 
the main controller. This data, containing 36 bits of infor- 
mation and a parity bit, is transferred serially at a rate 
determined by the main controller. The inguard controller 
decodes the information, sets the input and auto-cal 
switches to their required states, and selects the appropriate 
range, function, and sample time for the resolution indi- 
cated. During the measurement process, the inguard con- 
troller manages the analog-to-digital conversion sequence 
and stores the digital equivalent of the A/D input voltage. 


8-106. Upon completion of the measurement, the digital 
information is transferred from the inguard controller to 
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Figure 8-30. Simplified Inguard Controller Flowchart. 
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the main controller. This information contains the measure- 
ment value and polarity plus a parity bit and is transferred 
serially at a rate determined by the main controller. The 
inguard controller is reset to receive more information by a 
reset pulse from the main controller. 


8-107. Circuit Description. 


8-108. Transfer Circuit. Figure 8-31 shows a simplified 
diagram of the data transfer circuitry between the inguard 
and main controllers. The direct control lines, DC@ through 
DC3, of the processors are used for communication. The 
inguard and main processors are electrically isolated by 
optical isolators. Control lines DC@ and DC1 are driven by 
the main controller. During the inguard to main transfer 
mode, Line DC@ is used to indicate when the main control- 
ler is ready to receive data. Control Line DC1 is used for 
the transfer-clock signal during both transfer modes. Con- 
trol Lines DC2 and DC3 are driven by the inguard control- 
ler. Control Line DC2 is used by the inguard controller to 
indicate whether it is in a “send” or “receive” state. Transi- 
tion from the receive to the send status indicates to the 
main controller when the inguard controller is ready to 
send data. Control Line DC3 is used by the inguard con- 
troller to indicate when it is ready to receive data during 
the main-to-inguard transfer mode and to send data during 
the inguard to main transfer mode. 


8-109. Transfer signals for both data transfer modes are 
illustrated in Figure 8-32. During the main controller to 
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Figure 8-31. Controller Data Transfer Circuit. 
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Figure 8-32. Data Transfer Signals. 


inguard controller transfer mode, data is valid during the 
positive portions of the clock signal and changed during the 
negative portions. During the inguard controller to main 
controller transfer mode, data is valid during the negative 
portions of the clock signal and changed during the positive 
portions. The main controller transfers 37 bits of informa- 
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tion, composed of 6 bits of trigger information, 30 bits of 
range and function information and a parity bit, to the 
inguard controller. The inguard controller transfers 25 bits 
of information, composed of | bit of polarity information, 
23 bits of measurement data, and a parity bit, to the main 
controller. 


8-110. Reset Circuit. The reset line is driven by the main 
controller to reset the inguard controller to the beginning 
of its program routine. Figure 8-33 shows a simplified 
schematic of the reset circuit. A pulse transformer is used 
to electrically isolate the reset line between the inguard and 
outguard sections of the voltmeter. The reset pulse applied 
to the preset input of flip-flop U32A sets the “Q” output 
high. The high output of U32A causes the output of U27B 
to go low. The output of U27B sets the “interrupt request” 
input of the inguard processor. Upon receiving interrupt 
request, the processor stops driving its data Lines (D@ 
through D7), allowing them to go high and sets the inter- 
rupt acknowledge line high. This signal allows the output 
of U27C to go low which puts the “start” address on that 
processor’s data bus. The processor (after reaching its 
“start” address) sets the interrupt acknowledge line low to 
remove the output of U27C from the data bus and to reset 
the interrupt circuit to its normal state. 


8-111. A/D Converter Control Circuitry. Figure 8-34 
shows the control circuitry between the inguard processor 
and the analog-to-digital converter. There are six output 
lines from the inguard controller which control the input, 
reference, and auto-zero switches in the A/D Converter. 
Each output line controls one of the six switches in the 
converter. Switching information for the A/D Converter is 
set on the processor’s data bus (outputs D@ through D5) 
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and transferred to the converter through output latch U1IS. 
Table 8-2 describes the purpose of each of the A/D Con- 
verter switch signals and the “true” state of each. The three 
“detect” outputs of the A/D Converter are returned to 
“direct control” lines DC4 through DC6 of the processor. 


8-112. The “polarity detect” output of the converter is 
also applied to the input of the “zero detect” circuit. The 
zero detect circuit is used to detect the end of the “slow” 
run-down period. At the beginning of the slow run-down 
period, the “Q” output of U32B is set to the same state as 
the polarity detect signal by a pulse from U14. The inter- 
rupt enable signal from the processor is set high to enable 
the zero detect circuit. As the charge on the A/D Integrator 
passes through 0 volts, the polarity detect signal changes 
state and causes the output of the zero detect circuit to go 
low. The low output from the zero detect circuit sets the 
processor’s interrupt input to stop the A/D Conversion pro- 
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Table 8-2. A/D Converter Switch Control Signal 


Descriptions. 
True 
Description State 


A/D Converter input switch signal 
(A14Q3) 


Negative slow-discharge reference switch signal 
(A14U2c) 


Positive slow-discharge reference switch signal 


Auto-zero switch signal (A1404) 


Positive fast-discharge reference switch signal 
(A14CR2) 


Negative fast-discharge reference switch signal 
(A14CR6) 


cess. Upon completion of the A/D Conversion process, the 
processor sets the interrupt enable signal low to disable the 
zero detect circuit. 
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Figure 8-34. Simplified A/D Converter Control Circuit. 
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Figure 8-35. Simplified Program ROM Circuit. 


8-113. Program ROM. Figure 8-35 shows a simplified sche- 
matic diagram of the program ROM circuitry used in the 
inguard controller. The program ROM contains the opera- 
tion instructions for the inguard controller routine. There 
are 512 eight bit program storage locations contained in the 
ROM which are addressed by nine input lines (10 through 
18). The ROM output is connected to the processor data 
lines D@ through D7. The output of the ROM is enabled 
only when the signal level applied to I8 is thecomplement 
of the level applied to 18. This function is accomplished by 
gates U29C and U29D and occurs when the processor sets 
the “program gate” signal high. 


8-114. Output Circuit. The output circuit of the inguard 
controller controls all inguard switching of the voltmeter. 
Switch control signals are transferred through six latches 
(see Figure 8-36). Each latch is set individually to output 
the proper switch signals. The inguard processor sets the 
switching information for the latches on the data bus (pro- 
cessor output D@ through DS) and the select code for the 
particular latch to accept the information on device select 
lines DS@ through DS3. Transfer of information from the 
processor to the latches is synchronized by the clock input 
to the processor and the device select decoder U14. 


8-115. MAIN CONTROLLER. 
8-116. General. 


8-117. The purpose of the main controller is to control 
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communication between the front panel, HP-IB interface, 
display and inguard section of the multimeter and to per- 
form mathematical calculations to correct measurement 
data and provide measurement scaling or percent error 
readings. The following is an explanation of the operations 
performed by the main controller as illustrated in Figure 
8-37. 


a. The main controller reads and stores the status code 
of the front panel switches (local operation) or HP-IB buf- 
fers (remote operation) to determine measurement para- 
meters, such as range, function, mode, and sample time. 


b. Using the status information, the main controller 
generates switching information for the analog section and 
transfers this information to the inguard controller. 


c. During the time the inguard controller is setting the 
switches and making the required measurements, the main 
controller computes the constants used to correct the mea- 
surement data. This step is shown in Figure 8-37 as “‘per- 
form preliminary math calculations” and involves combin- 
ing the offset error and full scale error readings, relevant to 
the measurement being made, into two constants. 


d. The main controller receives the measurement data 
from the inguard controller, applies the correction factors 
found in the previous step and computes the corrected 
measurement answer. 
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e. The main controller next checks to see if one of the 


math functions have been selected. The math functions pro- 
X—Z 


vide either a scaled answer ), where x is the measure- 


ment answer and y and z are values entered by the opera- 
x —_ 


tor, or a percent error answer ( x 100), where x is 
the measurement answer and y is a reference value entered 
by the operator. If the math function has been selected, the 
main controller computes the math answer. 


f. The main controller next checks to see if the HP-IB 
buffers are active (outputting data to the bus). If the HP-IB 
buffers are not active, the main controller loads the answer 
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into them. If the buffers are active the controller bypasses 
this step. 


g. The main controller loads the final answer in the dis- 
play buffers and returns to the start of the program. 


8-118. Circuit Description. 


8-119. ROM Circuit. The main controller uses three 
ROM’s to store the programs necessary to control the var- 
ious functions and operations of the voltmeter. Each ROM 
is capable of storing 2048, eight bit “words” of program 
information and is divided into two “pages” of 1024 words 
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Figure 8-36. Simplified Output Circuit. 
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Figure 8-37. Simplified Main Controller Flowchart. 
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each. Five of the six pages contain the programs necessary 
for the normal operation of the voltmeter while the sixth 
page contains a test program to aid in troubleshooting and 
to verify proper operation. This test feature is not program- 
mable from the front panel. The ROM’s are addressed by 
the main processor through the program address bus (pro- 
cessor outputs PAQ through PA9). The program informa- 
tion is sent to the processor through the processor data bus 
(lines D@ through D7). All ROM’s receive the address in- 
formation. The particular program information received by 
the processor is determined by the program address code, 
the page select signal, and which ROM is enabled. 


8-120. Figure 8-38 is a schematic of the ROM circuitry. 
During normal operation, the test connector J1 is con- 
nected as shown. This connection disables the upper page 
(test program) or ROM U8 and allows ROM’s U6 and U7 to 
be enabled. Removing the jumper permits only the upper 
page (test program) of U8 to be enabled. Connecting the 
jumper between ground and the “disable” connection dis- 
ables all ROM outputs to aid in testing the main processor. 


8-121. During normal operation, the ROM’s are enabled in 
the following manner. At turn on, only the lower page of 
U8 may be enabled. This is because the normal turn on 
state of address line PA1O is low which allows U8 to be 
enabled and “holds off’ the enable circuitry for ROM’s 
U6 and U7. To enable ROM’s U6 or U7, the following 
sequence is used. 


a. The code to select the desired ROM and page is set 
on data lines D@ and D1. Line D@ is used to select the page 
and is set high for upper pages and low for lower pages. 
Line D1 is used to select the particular ROM and is set high 
to select ROM U6 or low to select U7. 


b. The device select code to select output Y5 of U31 is 
set on device select lines DS@ through DS3. 


c. Address line PAIO is set high to disable ROM U8 and 
allow ROM’s U6 and U7 to be addressed. 


d. The READ/WRITE line is set high (write). 


The above outputs are synchronized by the clock signal. 
The combination of the output from the device select 
decoder U33 and the WRITE output from the processor 
causes a pulse at the clock input of US and sets the Q1 and 
Q2 outputs to the levels of data lines D@ and D1 (page and 
ROM select data). Once US is set the processor data lines 
(DQ through D7) and READ/WRITE line are released for 
other operations. Address line PA10 remains high as long as 
ROM U6 or U7 are to be addressed. The output of the 
ROM and page selected is then enabled when the Program 
Source Gate is set high. To return to the lower page of U8 
it is only necessary to set address line PA1@ low. 


8-122. At the beginning of an “interrupt sequence” the 
processor enables gates U3A and U3B by activating output 
Y5 of the device select decoder and setting the READ/ 
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Figure 8-38. Main Controller ROM Circuit. 


WRITE output low (READ). The outputs of U3A and U3B 
are then sent to the processor through data lines D@ and D1 
and represent the page and ROM that was active at the 
time of interrupt. The ROM and page information along 
with the address code are stored by the processor so that 
after the interrupt routine it can return to that step in the 
program. 


8-123. RAM Circuit. The RAM’s are used to store temp- 
orary data such as auto-cal constants, display data, front 
panel and HP-IB status codes, math computations and 
references, and control status codes. Figure 8-39 is a sche- 
matic diagram of the main controller RAM circuit. The 
RAM’s can be set to a particular address by the main pro- 
cessor or are automatically incremented to the next mem- 
ory address each time data is stored or read. This method 
allows groups of data to be transferred between the RAM’s 
and main processor without having to address each step and 
results in higher operating speed. 


8-124. The RAM’s are addressed by the main processor in 
the following manner: 


a. The processor sets the desired address code on data 
lines D@ through D7, sets the proper code on the device 


select lines (DS@ through DS3) to activate output Y4 of 
device select decoder U41, and sets the Read/Write output 
high (write). 


b. The outputs of the processor and the device select 
decoder are synchronized by the clock signal. 


c. The Read/Write signal enables buffers U34 and U42 
to apply the address code to the inputs of presettable 
counters U36 and U37. 


d. The negative-going pulse from output Y4 of device 
select decoder U41 is applied, through gates U38B and 
U38D, to the “load” inputs of U36 and U37 to load the 
address code into them. The code which has been loaded 
into the presettable counters is then applied to the address 
inputs (lines A@ through A7) of the RAM’s (U44 and U45 
U45). 


8-125. Data is stored in the RAM’s as follows: 

a. The processor sets the data to be stored on data lines 
D@ through D7, sets the proper code on device select lines 
DS@ through DS3 to activate output Y1 of device select 
decoder U41, and sets the Read/Write output high (write). 
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Figure 8-39. Main Controller RAM Circuit. 


b. The Read/Write signal enables buffers U34 and U42 
to apply the data to the RAM’s I/O lines and is also applied 
to the R/W input of the RAM’s to enable the write ampli- 
fiers. The negative-going pulse from output Y1 of U41 is 
applied to the CE inputs of the RAM’s to enable them to 
store the data. Output Y1 of U41 is also applied to the 
“clock”’ inputs of U36 and U37 (through U38) to incre- 
ment the address code by one upon completion of the 
“store” operation. 


8-126. The processor “reads” data from the RAM’s as 
follows. 


a. The processor sets the code necessary to activate out- 
put Y1 of U41 on device select lines DS@ through DS3, and 
sets the Read/Write line low (read). 


b. The Read/Write signal is inverted by U4F and applied 
to the RAM’s R/W input to enable the output buffers. The 
negative-going pulse from output Y1 of U41 is applied to 
the CE input of the RAM’s to enable their outputs. The 
RAM output data is applied to the inputs of buffers U35 
and U43 which are enabled by the low output of gate 
U46A. 


c. The data is read by the processor on data lines D@ 
through D7. 


d. As with the “‘store” sequence, the negative pulse 
from output Y1 of the device select decoder is applied, 
through gate U38D, to the “clock” input of counters U36 
and U37 to increment them to the next address. 


8-26 


8-127. ALU Circuit. The Arithmetic Logic Unit (ALU) 
provides added computational capability to the main con- 
troller for computing Auto-Cal constants, measurement 
data corrections, and “‘scale” and “% error’ math func- 
tions. The ALU also provides logic functions which are used 
for certain control operations. The ALU performs Arith- 
metic or Logic operations on two, 22 bit binary numbers in 
eight bit segments starting with the eight least significant 
bits. 


8-128. Figure 8-40 shows a schematic diagram of the ALU 
circuit used. The numbers to be entered into the ALU’s are 
8 bit binary codes and are entered as follows: 


a. The processor sets the numerical data on data lines 
D@ through D7, sets the READ/WRITE line high (write), 
and sets the device select lines DS@ through DS3 to the 
code necessary to activate the proper output of device 
select decoder U33 (output Y1 for number “A”, Y2 for 
number “B’’). 


b. The outputs of the processor and device select 
decoder are synchronized by the clock signal. 


c. The READ/WRITE signal enables buffers U34 and 
U42 to apply the binary information from the processors 
data output to the ALU input latches. The information is 
set in latches U29 and U31 (number ‘“‘A”) or U24 and U25 
(number “B’’) by the signal from device select decoder 
U33. 


d. The ALU operation instruction is a 6-bit binary code 
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Figure 8-40. Main Controller ALU Circuit. 


composed of a 4-bit instruction code, 1 bit of mode infor- 
mation to determine whether the operation is to be an 
arithmetic or logic function, and 1 bit of “carry” informa- 
tion. 


e. The operation instruction is entered into the ALU’s 
in the same manner as the numerical data except, only pro- 
cessor data lines D@ through DS are used to output the 
data. 


8-129. The output of the ALU’s is read by the processor in 
the following manner: 


a. The processor sets the READ/WRITE line low 
(READ) to disable buffers U34 and U42 and sets the 
proper code on device select lines DS@ through DS3 to 
activate output Y4 of U33. 


b. Output Y4 of U33 enables the ALU output buffers 
U21 and U22 and the data is read by the processor on data 
lines D@ through D7. In the event that a “carry” occurred 
during the ALU operation, the carry output (CN + 4) of 
U28 is output through gate U16B to set F4 of the proces- 
for. 


8-130. Interrupt Circuit. The Interrupt Circuit is used to 
signal the main processor when the front panel switch data 
has been changed, when an external trigger has been 
applied, when the HP-IB (Hewlett-Packard Interface Bus) 
needs service, or at “turn-on”. The Interrupt Circuit is also 


used to strobe the front panel display. The Interrupt Cir- 
cuit has been designed so that the Interrupt Signals are 
assigned priorities. In the event of two or more Simultane- 
ous Interrupt Signals, the one with the highest priority will 
be handled first. The HP-IB Interrupt is assigned the highest 
priority and will be serviced before the external trigger or 
front panel interrupts. The external trigger interrupt is 
assigned the second highest priority and will be serviced 
before the front panel interrupt. All three interrupt signals 
have priority over the display strobe signal. The turn-on 
interrupt occurs only at initial turn-on of the voltmeter. 
Figure 8-41 is a simplified schematic of the Main Controller 
Interrupt Circuit. 


8-131. HP-IB Interrupt. When the HP-IB requires service, 
it sets the HP-IB Interrupt signal high. This signal is applied 
to the input of US3B. The output of U53B is applied to 
U47B to disable the front panel interrupt circuit and 
through U52A to the interrupt gates which set the proces- 
sors interrupt input. The HP-IB interrupt input is also 
applied to U46D to set the interrupt address. Upon recog- 
nizing the interrupt input, the processor sets the interrupt 
enable low, to remove the interrupt input, and sets the 
interrupt acknowledge high, to enable address gates U47D 
and U46D. The address gates set the interrupt address on 
the processors data bus. It is possible for both the external 
trigger interrupt and the HP-IB interrupt to occur simultan- 
eously and set their respective interrupt address code on the 
processor data bus. When this occurs, the processor is pro- 
grammed to vector to the HP-IB Interrupt address to main- 
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Figure 8-41. Main Controller Interrupt Circuit. 


tain priorities. After accepting the interrupt address, the 
processor sets the interrupt acknowledge line low to disable 
address gates U46B and U46D. The processor then services 
the HP-IB to clear the interrupt input. 


8-132. External Trigger Interrupt. Operation of the Exter- 
nal Trigger Interrupt is the same as the HP-IB Interrupt 
with the exception of the interrupt address gate activated. 
During External Trigger Interrupt, address gate U44B is 
used to set the interrupt address on the processor’s data 
bus. 


4-133. Front Panel Interrupt. When the status of the front 
panel switches is changed, the switch status interrupt signal 
is set high. This removes the “clear” signals from U40A and 
U40B and triggers the monostable multivibrator U48A. The 
output of the multivibrator is a negative pulse approxi- 
mately 6 milliseconds in duration. This negative signal is 
applied to interrupt gates US5B and USS5C to disable the 
interrupt input to the main processor. This insures that the 
processor is not interrupted by the other interrupt signals 
while the front panel is being serviced. The negative output 
of U48A is also applied to_the “preset” input of U40B to 
set output Q low. Output Q of U40B is applied to U47D to 
disable the interrupt address gates and through U39B to set 
the inputs of U47A and USSC high. 


8-134. As the output of multivibrator U46A returns high, 
the following occurs: 


a. The front panel output latch is set to the new switch 
status code. 
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b. The positive-going signal is applied to the “clock” 
input of U40A to set the Q output low. This signal, applied 
through U47B and U39C, disables the input of U48A to 
prevent premature retriggering. 


c. Interrupt gate USSC is enabled to set the main pro- 
cessor interrupt input. 


8-135. Upon recognizing the interrupt signal, the main pro- 
cessor sets the interrupt enable output low to remove the 
interrupt signal and sets the interrupt acknowledge signal 
high. The interrupt acknowledge signal enables gate U47A 
which enables the front panel output buffers allowing them 
to set the new switch status code on the processor’s data 
bus (D@ through D7). 


8-136. Upon accepting the switch status information, the 
processor sets the interrupt acknowledge signal low. This 
signal is applied to U47A to disable the front panel output 
buffers and through U39A to the clock input of U40B to 
set the Q output high. This removes the disable from U47D 
and applies a disable signal to US5C and U47A. 


8-137. When the front panel switch is released, the front 
panel interrupt signal is set low. This resets the trigger 
enable input of U48A and sets the “clear” inputs of U40A 
and U40B to return the circuit to its ‘‘ready”’ state. 


8-138. Display Strobe Circuit. When no interrupts are pre- 
sent, the interrupt circuit is used in the display function of 
the voltmeter. Monostable multivibrator U48B is triggered 
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Figure 8-42. Simplified Turn-on Interrupt Circuit. 


by output Y2 of device select decoder U41. The output of 
U48B is a negative pulse approximately 1 millisecond in 
duration and is applied to the strobe inputs of the display 
driver decoder to enable it. As the output of U48B returns 
high, gate U53B is enabled. The low output of U53B is 
applied through US52A to the interrupt gates to set the pro- 
cessor’s interrupt input of the processor. Upon noting the 
interrupt, the processor sets the interrupt enable signal low 
to remove the interrupt input and sets the interrupt 
acknowledge high to enable the interrupt gates. The pro- 
cessor then checks the data bus (D@ through D7) for the 
interrupt address. In this case all data inputs are high which 
the processor recognizes as the display function interrupt 
address. 


8-139. Turn-On Interrupt. The purpose of the “turn-on” 
interrupt is to start the main processor at a known program 
address when power is initially applied to the voltmeter. 
Figure 8-42 shows a simplified schematic of the turn-on 
interrupt circuit. At turn-on, a negative-going pulse is 
applied to the “preset” input of latch U26B from the RC 
network composed_of R31 and C19. This sets the “Q” out- 
put high and the ‘“Q” output low. The Q output is applied 
to U47C which sets the interrupt input to the processor. 
The Q output is applied through inverter US to the pro- 
cessor data bus (D2 through D7) to set the starting address. 


8-140. Upon recognizing the interrupt signal, the processor 
reads the start address from the data bus and sets the inter- 
rupt acknowledge output low. The interrupt acknowledge 
signal is applied through inverter U39A to the “clock” 


input of U26B. This sets the Q output low and the Q 
output high, disabling the turn-on interrupt circuit. 


8-141. HP-IB CIRCUIT. 
8-142. General. 


8-143. The Hewlett-Packard Interface Bus (HP-IB) is a 
carefully defined instrumentation interface which simplifies 


the integration of instruments, calculators, and computers 
into systems. The HP-IB employs a 16-line Bus to inter- 
connect up to 15 instruments. Normally, this Bus is the sole 
communication link between the interconnected units. 
Each instrument on the Bus is connected in parallel to the 
16 Bus lines. Eight of the lines are used to transmit data 
while the remaining eight lines are used for communication 
timing (Handshake) and control. Data is transmitted on 
the eight data lines as a series of eight-bit characters 
(‘bytes’). Normally, a seven-bit ASCII code is used with 
the eighth bit available for a parity check. Data is trans- 
ferred by means of an interlocked ‘thandshake” technique 
which permits asynchronous communication over a wide 
range of data rates. Figure 8-43 illustrates the HP-IB inter- 
face connections and overall Bus structure. Bus communica- 
tion is controlled by the five general interface management 
(control) lines. These lines determine how information will 
be interpreted by devices on the Bus. The data bus (lines 
DIO1 through DIO8) is used to transfer information be- 
tween devices on the Bus. The three data byte transfer 
control (handshake) lines permit synchronization of the 
data transfer on the data bus. 


8-144. Circuit Description. 


8-145. Initial Turn-On. (Refer to the HP-IB Schematic for 
the following descriptions.) The interface circuit is initial- 
ized by the main controller at “turn-on”. After completion 
of the turn-on sequence and before the Bus is active the 
following conditions exist: 

a. The outputs of latches U11, U19, U20, and U26A are 
low. 


b. Signal inputs to buffers U15, U16, U17 and U18 are 
low. 


c. Inputs to interrupt gates U7A and U7C are low caus- 
ing the interrupt output (U2A pin 3) to be low (false). 


d. All driver inputs and receiver outputs of Bus Trans- 
ceivers U6, U9 and U12 are low. 
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DEVICE A 


Able to talk, listen, 


(e.g., calculator) 


DEVICE B 


Able to talk and 


DEVICE C 


Only able to listen 


DEVICE D 


Only able to talk 


(e.g., tape reader) 
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Data Bus 
(8 signal lines) 


jata Byte Transfer 


(HANDSHAKE) Lines 


Management (CONTROL) Lines 


Figure 8-43. Interface Connections and Bus Structure. 


NOTE 


It is possible for the interface circuit to momen- 
tarily drive the Bus lines low (true) before the 
turn-on sequence has been completed. 


8-146. Circuit Response to Bus Commands. The following 
description explains the Voltmeter interface circuit re- 
sponse to command statements received from the HP-IB 
(Hewlett-Packard Interface Bus). This description is divided 
into five parts as follows: 


a. Acceptance of the command data. 

b. Voltmeter execution of the command. 

c. Completion of the “‘handshake” sequence. 

d. Receive Data. 

e. Output Data. 
8-147. Acceptance of the Command Data. The follow- 
ing describes the sequence performed by the Voltmeter 
interface circuit to accept command data. This sequence 
applies to all command statements received from the 
HP-IB. 
8-148. The controller in charge of the HP-IB sets the code 
of the command data to be transferred on data lines DIO1 


through DIO8 and sets the ATN (Attention) line low (true). 
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The ATN signal is input to the Voltmeter interface circuit 
through inverter U3E and is applied to the input of buffer 
U1SA and inverter U3B. The low output of U3B disables 
qualifier gates U2D, U14B, U14D and U13D and is applied 
to U2C to set its output high. The high output of U2C sets 
the enable inputs of U13A and U13B. The high output of 
U13B is applied to the driver B input of transceiver U9 to 
set the NDAC output low (true). This indicates to the 
HP-IB controller that the Voltmeter is ready to accept data. 


8-149. After allowing time for the data on the DIO lines to 
“settle’’, the HP-IB controller sets the DAV (data valid) line 
low (true). The DAV signal is input to the interface circuit 
through transceiver U9 and is applied to the signal input of 
qualifier gate U13A. The high output of U13A is coupled 
through gate U2B and inverter UIOD to the inputs of 
buffer U1SD and interrupt gate U7C. The low (true) output 
of U7C is applied to the input of U2A to set the interrupt 
signal to the main processor. 


8-150. Upon recognizing the interrupt signal, the main pro- 
cessor enables buffers UIS5 and U16 to read the status 
word. In this case, bit 3 is set, indicating valid data is on the 
bus, bit 5 must be set to enable the voltmeter to go to 
remote operation, and bit 6 is set to indicate the message is 
a command statement. The main processor enables buffers 
U17 and U18 to read the data byte. 


8-151. After reading the data byte, the processor sets the 
“nrfd’’ output (1Q) of latch Ul1 high (true). The nrfd 
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signal is applied to the enable input of qualifier gate U13C 
and the driver A input of bus transceiver U9. Transceiver 
U9 drives the NRFD bus line low (true), indicating the 
Voltmeter has accepted the data. The processor next sets 
the ‘‘ndac” output (6Q) of latch U11 high (false). The ndac 
signal is applied through inverter U10A to the enable input 
of U2B and the signal input of U13B. The low output of 
U13B is applied to the driver B input of transceiver U9 to 
disable it and allow the NDAC Bus line to go high (false). 


8-152. Execution of Command Instructions. After the 
command data has been accepted, as previously described, 
the main processor deciphers the data to determine the 
nature of the command. This section describes the interface 
circuit response to the following Bus commands: 


‘Listen’? Command 
“Unlisten’”” Command 
“Talk”? Command 
“Untalk’? Command 


aAocep 


8-153. Listen Command. When the processor receives a 
listen address from the HP-IB it enables inverter U1 and 
reads the address code the Voltmeter has been set to. This 
code is determined by the settings of switch S1. The pro- 
cessor compares this code with the one received to deter- 
mine if it has received its listen address. Upon recognizing 
the listen address of the Voltmeter, the processor sets the 
output (pin 10) of U70 low to turn A2CR2 (listen enunci- 
ator) on (see Front Panel Assembly Schematic). The pro- 
cessor next sets the ‘‘mla” output (4Q) of U11 high (true). 
The mla signal is applied, through inverter U8D, to the 
input of qualifier gate U2C to maintain its output high. At 
this point the Voltmeter has been addressed to listen and 
enabled to receive data messages. 


8-154. Unlisten Command. Upon recognizing the “‘un- 
listen” command, the processor sets the output (pin 10) of 
latch U70 high to turn A2CR2 (listen enunciator) off (see 
Front Panel Assembly Schematic). The processor next sets 
the “‘mla” output (4Q) of latch U11 low (false) to return 
the interface circuit to the “turn-on” state. 


8-155. Talk Command. When the processor receives a 
“talk” address from the HP-IB it enables inverter U1 and 
reads the address code the Voltmeter has been set to. This 
code is determined by the settings of address switch S1. 
The processor compares this code with the one received 
from the HP-IB to determine if it has received its talk 
address. Upon recognizing the talk address of the Volt- 
meter, the processor sets the output (pin 7) of latch U70 
low to turn A2CR3 (talk enuncaitor) on (see Front Panel 
Assembly Schematic). The processor next sets the ‘‘dav 
req” output (5Q) of latch UI] high (true). This signal is 
applied to the enable input of qualifier gate U14C. At this 
point the Voltmeter has been addressed to “‘talk” and is 
awaiting the removal of the ATN signal by the HP-IB 
controller before outputting measurement data. 


8-156. Untalk Command. Upon recognizing the “untalk” 
command, the processor sets the output (pin 7) of latch 
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U70 high to turn the “‘talk’’ enunciator (A2CR3) off (see 
Front Panel Assembly Schematic). The processor next sets 
the “dav req” output (SQ) of latch U11 low (false) to return 
the interface circuit to the “turn-on” state. 


8-157. Handshake Completion. After all instruments on 
the HP-IB have accepted the command data (the NDAC Bus 
line has gone high) the HP-IB controller sets DAV high 
(data is no longer valid). This sets the receiver D output of 
transceiver U9 low. The low output of U9 is applied to the 
input of U13A and through inverter U1OC to the input of 
qualifier gate UI3C causing its output to go high. The out- 
put of U13C is applied to the signal input of buffer UISC 
and to the input of interrupt gate U7A. The low output of 
U7A is applied to the input of gate U2A to set the interrupt 
signal to the processor. 


8-158. Upon recognizing the interrupt signal, the processor 
enables buffers U15 and U16 and reads the interrupt code. 
In this case bit 4 is set, indicating the completion of a data 
byte. The processor determines the nature of the interrupt 
and sets the ‘“‘ndac’”’ output (6Q) of latch U11 low (true). 
The low output of U11 is applied through inverter U10A to 
the inputs of U2B andU13B. If the ATN signal or the mla 
signal is true the output of U13B will be set high. The high 
output of U13B is applied to the driver B input of trans- 
ceiver U9 to set the NDAC line low (true). The processor 
next sets the “nrfd’ output (1Q) of U11 low (false). The 
low output of U11 is applied to the driver A input of U9 
to set the NRFD output high (false) and to the input of 
U13C to disable it and remove the interrupt signal. This 
completes the sequence for accepting and executing com- 
mand statements. 


8-159. Receive Data. Data received from the HP-IB is used 
to remotely program the Voltmeter’s front panel controls 
(range, function, math, etc.). The Voltmeter must have pre- 
viously been addressed to “‘listen” and set to remote con- 
trol before it will respond to program data messages. 


8-160. The following paragraphs describe the interface cir- 
cuit response to program data messages. The HP-IB control- 
ler sets the program information on Bus lines DIOI through 
DIO8. After allowing time for the information to “‘settle’’, 
the controller sets DAV (data valid) low (true). The DAV 
signal sets the receiver D output of transceiver U9 high 
(true). The high output of U9 is applied through inverter 
UI10C to the input of qualifier gate U13C to disable it and 
to the input of U13A. The output of U13A is coupled 
through gate U2B and inverter U1OD and applied to the 
input of buffer U15D and interrupt gate U7C. The low out- 
put of U7C is applied to the input of gate U2A to set the 
interrupt output to the main processor. 


8-161. Upon recognizing the interrupt signal, the processor 
enables buffers UI1S5 and U16 and reads the status word. 
After determining the nature of the interrupt, the processor 
enables buffers U17 and U18 and reads the program data. 
If the processor has read the first byte of program data 
(two bytes are required for each program step) it sets a flag 
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and retains the first data byte information. If the processor 
has read the second byte of information it stores the com- 
posite of the first and second bytes and sets the appropriate 
output of enunciator latches U65 through U70 low (true) 
to light the enunciator pertaining to the program informa- 
tion. The processor next sets the nrfd output (1Q of latch 
U11 high (true). The output of U11 is applied to the enable 
input of qualifier gate U13C and to the driver A input of 
transceiver U9 which sets the NRFD bus line low (true). 
The processor next sets the ndac output (6Q) of latch U11 
high (false). This signal is applied through inverter U10A 
to the input of qualifier gate U2B to disable it and remove 
the interrupt signal to the processor. The ndac signal is also 
applied to the input of gate U13B. The low output of U13B 
is applied to the driver B input of transceiver U9 which 
stops driving the NDAC bus line (allows it to go high). This 
indicates to the HP-IB controller that the Voltmeter has 
accepted the data and is ready for more data. 


8-162. Sensing that the Voltmeter has accepted the data, 
the HP-IB controller sets the DAV line high (data on the 
DIO lines is no longer valid) and prepares to output the 
next data byte. The DAV high signal sets the receiver D 
output of transceiver U9 low. The low output of U8 is 
applied to the input of gate U13A to disable it and through 
inverter UIOC to the input of gate U13C. The high output 
of U13C is applied to the signal input of buffer UI1SC and 
to the input of interrupt gate U7A. The low output of U7A 
is applied to the input of gate U2A to set the interrupt out- 
put to the processor. The processor recognizes the interrupt 
signal and enables buffers U1S and U16 to read the bus 
status word. 


8-163. Upon determining the nature of the interrupt, the 
processor sets the ndac output (6Q) of latch U11 low 
(true). The output of U11 is applied through inverter U10A 
to the input of qualifier gate U2B and to the input of gate 
U13B. The high output of U13B is applied to the Driver B 
input of transceiver U9 which sets the NDAC Bus line low 
(true). The processor then sets the nrfd output (1Q) of 
U11 low (false). This signal is applied to the driver A input 
of U9, which sets the NRFD bus line high (false), and to 
the input of qualifier gate U13C to remove the interrupt 
signal. This completes the sequence for accepting one byte 
of program data. 


8-164. Output Data. The following paragraphs describe 
the sequence followed by the interface circuit to output 
measurement data to the HP-IB. The voltmeter must have 
previously been addressed to “talk” and the HP-IB must 
NOT be in the command mode before the voltmeter can 
output measurement data. 


8-165. When the Voltmeter is addressed to talk the ‘dav 
req” output (5Q) of latch U11 is set high (true). As the 
HP-IB exits the command mode (the ATN signal is re- 
moved) and all bus instruments are ready to accept data 
(NRFD is high) the output of qualifier gate U14C is set 
low. The output of U14C is applied to the input of buffer 
UI16C and the input of interrupt gate U7C. The low output 
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of U7C is applied to the input of U2A which sets the inter- 
rupt output to the processor. 


8-166. Upon recognizing the interrupt signal, the processor 
enables buffers U15 and U16 to read the status word. After 
determining the nature of the interrupt the processor sets 
latches U20 and UI9 to the code of the first byte of mea- 
surement data. The outputs of U19 and U20 are applied to 
the driver inputs of transceivers U6 and U12. The processor 
next enables transceivers U6 and U12 to output the mea- 
surement data to the HP-IB data bus (DIO1 through DIO7). 
After the measurement data has had time to “‘settle’’, the 
processor sets the “dav” output (2Q) of latch U11 high 
(true). The dav signal is applied to the input of qualifier 
gate U14A and gate U13D. The high output of U13D is 
applied to the driver D input of transceiver U9 which sets 
the DAV Bus line low (true). The processor then sets the 
dav req output (5Q) of latch U1I1 low (false). This signal is 
applied to the input of qualifier gate U14C to disable it and 
remove the interrupt signal. When the measurement data 
byte has been accepted by the receiving instrument(s) the 
NRED line is set low and the NDAC line is high. The NDAC 
signal sets the Receiver B output of transceiver U9 low. 
This output is applied to the input of qualifier gate U14B. 
The high output of U14B is applied to the input of gate 
U14A to enable it. The low output of U14A is applied to 
the signal input of U16D and to the input of interrupt gate 
U7C. The low output of U7C is applied to the input of 
U2A to set the interrupt output to the processor. 


8-167. Upon recognizing the interrupt, the processor 
enables buffers U16 and UIS5 and reads the status word. 
After determining the nature of the interrupt, the processor 
sets the dav req output (5Q) of latch U11 high. The proces- 
sor then sets the dav output (2Q) of U10 low (false). This 
signal is applied to the input of gate U13D to remove the 
DAV signal from the Bus and to the input of qualifier gate 
U14A to remove the interrupt signal. This completes the 
output of one data byte. The sequence is repeated until 
each byte of measurement data has been output. 


8-168. FRONT PANEL OPERATION. 
8-169. Circuit Description. 


8-170. Control Switches and Ennunciators. Refer to the 
Front Panel Assembly Schematic for the following descrip- 
tion. Pressing a front panel key sets one of the input lines 
to priority encoder U5S7 low. The output of the encoder is 
the octal equivalent of the input line selected that is, the 
output when line “I7” is set low is 111, when line “I2” is 
low the output is 010, etc. The encoder also sets the gate 
output (pin 14) low to initiate the processor interrupt cir- 
cuit. The outputs of US7 combined with the outputs of 
gate USOA and inverter U49A are applied to the inputs of 
latch US8. The inputs to U58 make up a code which repre- 
sents the key pressed. The interrupt circuit, after a time 
delay of approximately 6 ms, sets the clock input (pin 9) 
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of US8 high to latch the switch code and also sets the inter- 
rupt input to the main processor. 


8-171. Upon recognizing the interrupt input, the processor 
sets the interrupt enable output high to enable buffers US9 
and U60 and reads the switch code. This code represents a 
vector address to the processor. The processor performs the 
program routine contained at the address indicated which 
includes transferring the new switch data to the inguard 
controller and outputting data to the front panel to change 
the necessary enunciators. 


8-172. The new enunciator data is output to the data bus 
(lines D@ through D7) by the main processor and applied to 
the inputs of latches U65 through U70. The new enunciator 
code is contained on lines D@ through D5. Lines D6 and D7 
are applied to the select inputs of decoder U64 and are used 
to determine which output of U64 will be set low. Outputs 
1YQ@ through 1Y3 are enabled by the signal from device 
select decoder U41. Outputs 2Y@ and 2Y1 are enabled by 
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8-173. Display. Measurement data is transferred to the 
display one number at a time. The polarity or numerical 
data is applied to the input of latch U5S4 and the digit (or 
position in the display) and decimal information is applied 
to the input of latch U63. The output of device select 
decoder U41 is applied to the clock input of U54 and U63 
to latch the information. The position information is ap- 


device select decoder U33. The outputs of U64 are acti- 
vated by the delayed clock signal from US2F and applied 
to the clock inputs of latches U65 through U70. All 
outputs of U64 are high except the one driving the latch 
which is to accept the data. The enunciators are lit when 
the output of the latch driving them is set low. 


plied to the select and data inputs of U56 to determine the 
proper display driver to be activated. The outputs of U56 
are applied to the display drivers (Q11 through Q18) and 
are enabled by the signal from U48B (interrupt circuitry). 
The display is scanned from left to right one number at a 
time. 
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TROUBLESHOOTING 


8-174. INTRODUCTION. 


8-175. The following portions of this manual contain 
information to aid in troubleshooting and repair of the 
3455A. This information consists of a General Block 
Diagram Theory of Operation, a Preliminary Trouble- 
shooting Check, and eight Service Groups. An instru- 
ment block diagram and schematics are also included in 
this section of the manual. 


8-176. General Block Diagram Theory of Operation. 


8-177. Read this subsection if you wish to become 
familiar with the internal operation of the 3455A. Refer 
to the simplified block diagram (Figure 8-44) for the 
following discussion. 


8-178. To understand the basic operation of the 3455A, 
the instrument can be divided into two sections. These 
sections of the Outguard Section and the Inguard Sec- 
tion. 


8-179. Outguard Section. 


8-180. The Outguard Section consists of most logic cir- 
cuits and their power supplies. These circuits function as 
the internal main controller, HP-IB interfacing, and 
front panel interface of the instrument. 


AUTO CALIBRATION 
AND 
MEASUREMENT 
SWITCHING 


8-181. The main controller circuits are used to control 
communication between the front panel. HP-IB inter- 
face, and the Inguard Section. The controller also per- 
forms mathematical calculations to correct measure- 
ment data, and to provide instrument scaling or percent 
error readings. 


8-182. The heart of the main controller circuits is a pro- 
cessor (referred to as the nanoprocessor) used in con- 
junction with the main controller ROMs. The processor 
and ROMs are located on the A3 board. The ALUs are 
used for calculations and are located on the Al mother- 
board. 


8-183. The front panel is used for the manual operation 
of the instrument and to display readings. By pressing a 
pushbutton on the front panel, the controller receives a 
message to do the operation requested by the operator 
(DC, AC, etc.). The main controller then sends a 
message to the inguard controller to do the operation. 
After the operation is completed, the inguard controller 
then sends information back to the main controller. The 
information is then converted and displayed on the 
front panel. 


8-184. The HP-IB circuits are used to communicate bet-, 
ween the HP-IB and the instruments main controller. 
Information can pass either from the HP-IB to the main 
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Figure 8-44. 


Simplified Block Diagram. 
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controller or from the main controller to the HP-IB. Ex- 
ample: the main controller receives a message from the 
Bus to read DC. After a reading is taken, the main con- 
troller sends the reading to the Bus. It should be noted, 
as with the front panel, the bus circuitry can interrupt 
the main controller whenever necessary (to clear inter- 
face, ‘etc:). 


8-185. Inguard Section. 


8-186. The Inguard Section consists of the measuring 
circuitry, a controller, and power supplies. The main 
function of these circuits is to perform Auto-Cal, DC, 
AC, and Ohms measurements. These circuits are con- 
trolled by an inguard controller, which in turn are par- 
tially controlled by the outguard controller. 


8-187. The circuits used for Auto-Cal and DC 
measurements are basically the same. The Auto-Cal 
measurements consists mostly of gain and offset 
measurements of various op-amps and FETs. The Auto- 
Cal function can be turned on or off, as desired by the 
operator. 


8-188. The following procedure outlines a typical DC 
measurement. 


a. A DC signal is applied to the input of the 3455A. 
This signal may or may not be attenuated by the input 
attenuator circuits. 


b. The signal is next applied to the Main Amplifier 
through the Auto-Cal and Measurement Switching cir- 
cuits. After pre-amplifications by the Main Amplifier, 
the signal is applied to the A/D convertor (10 V DC for 
full scale). 


c. The A/D convertor changes the analog signal to a 
digital signal and sends the digital signal to the inguard 
controller. The inguard controller then transfers this in- 
formation to the outguard controller. 


d. The outguard controller processes the information 
and displays the reading on the front panel. 


8-189. Auto-Cal measurements are taken in the form of 
Auto-Cal constants and are used to compensate for in- 
ternal measurement errors. To help generate the cal con- 
stants (gain and offset), stable reference voltages (+ 
10 V) and stable resistive divider (1 kQ, 100 kQ, 900 kQ, 
and 1 MQ) are used. These circuits are located on the 
reference module. The reference voltages are also used 
for the operation of the A/D convertor. 


8-190. The ohms convertor is used to supply the current 
for an ohms measurement and in turn causes a voltage 
drop across the unknown resistor. The voltage drop 
depends on the value of the unknown resistor and the 
range of the instrument. This voltage is measured along 
with a voltage drop across a reference resistor, by the 
DC circuits of the 3455A. The DC readings are then 


8-36 


TROUBLESHOOTING 


Model 3455A 


converted to digital readings and passed on to the main 
controller. The reading is then calculated by the main 
controller to an ohms reading to be displayed on the 
front panel. 


8-191. The 3455A offers a choice of either a True RMS 
or an Average Responding AC Convertor. Both conver- 


tors changes an AC voltage to a DC voltage with an- 


amplitude of approximately + 6.7 V for a full scale in- 
put. This resultant DC voltage is then processed by the 
DC circuits, as explained in paragraph 8-188, with the 
exception of the DC attentuator circuits. The attenua- 
tion is done on the AC convertor board. The main con- 
troller receives the digital information from the inguard 
controller and is then processed to be displayed as an 
AC reading on the front panel. The following is an ex- 
planation of the differences between the convertors. 


a. True RMS Convertor: The True RMS Convertor 
can either be AC or DC coupled. Using operational cir- 
cuitry, the input voltage to the convertor is changed to a 
DC level proportional to the RMS value of the input 
voltage. 


b. Average Responding Convertor: The Average 
Responding Convertor is only AC coupled. An average 
responding circuit calibrated to the RMS value of a 
sinasoidal input voltage, is used in this convertor. The 
resultant DC output of the convertor is a voltage pro- 
portional to the average value of the input voltages ab- 
solute value. 


8-192. The inguard controller controls the operation of 
the inguard section after receiving instructions from the 
outguard controller. The inguard circuits being control- 
led are used to perform the various measurements. 


8-193. For a more detailed explanation of the 3455A’s 
circuitry, refer to the Theory of Operation Section in 
this manual (paragraph 8-10). 


8-194. PRELIMINARY TROUBLESHOOTING CHECK. 
8-195. INSTRUMENT HALF-SPLITTING TECHNIQUES. 


8-196. Before proceeding to a particular service group 
for troubleshooting the 3455A should be half-split. This 
is done to determine if the failure is in the inguard or 
outguard section of the instrument. The following pro- 
cedure can be used. 


a. Half-splitting can easily be accomplished with an 
Inguard/Outguard Service Cable (part number 
03455-61609) and a working 3455A (a second in- 
strument) as follows: 


1. With each 3455A turned off, disconnect the 
A10W1 Inguard/Outguard cable assembly from 
the outguard connector (A1J7) on each 3455A. 


Model 3455A 


2. Plug the Inguard/Outguard Service Cable 
from one instrument’s outguard connector (A1J7) 
to the other instrument’s Inguard/Outguard cable 
assembly (W1). The instruments are now effec- 
tively half-split with one unit’s inguard section 
connected to the other unit’s outguard section (see 
(Figure 8-45) 


3. Turn on the instrument with the active in- 
guard section and then turn on the instrument 
with the active outguard section. The display from 
the unit with the active outguard should become 
energized. If the instrument malfunction has 
disappeared, then the portion of the defective in- 
strument used (inguard or outguard) is working. 
Consequently, if the malfunction remains, the sec- 
tion of the defective instrument used is in- 
operative. 


4. The defective section can be verified by 
reversing the Inguard/Outguard Service Cable 
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and repeating steps 2 and 3. Make sure the 
3455A’s are turned off, when switching connec- 
tions. Reversing the service cable should verify the 
defective section of the inoperative 3455A and 
also the working section. 


NOTE 


Make sure the power supplies of the in- 
operative 3455A are good. 


b. Once it has been determined in what section the 
defective is located (Inguard or Outguard), the correct 
Service Group can be used for component isolation (see 
Paragraph 8-198 for a summary of the Service Groups). 


8-197. If an extra 3455A or an Inguard/Outguard Ser- 
vice Cable is not available, use the method described in 
Service Group H, Figure 8-H-2. This method is not as 
complete as the half-split technique. 


Figure 8-45. Inguard-Outguard Connections. 


8-198. Service Group Summary. failures show up as an inoperative front panel ‘‘and’’ a 

blank display, at turn on. Use this service group if both 

8-199. The following is a summary of the various ser- of these symptoms are observed. The turn-on circuitry is 

é vice groupsand should be used in conjunction with working properly, if there is any indication on the 
Table 8-3. display and the front panel is operative. 

a. Turn-On Circuitry (Service Group A): Turn-on b. Auto-Cal and DC Troubleshooting (Service 
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Table 8-3. Service Group Listing. 


Service ) a 
Service Group Description 


Turn-On Failures (Inguard, Outguard) 
Inguard/Outguard Isolation 

Outguard Troubleshooting 

Inguard Troubleshooting 

A10 Board Troubleshooting 

A/D Board Troubleshooting 


Auto-Cal Constants 
DC Inoperative 
General Noise 
DC Noise 


AC Convertor Troubleshooting 
True RMS Convertor Servicing 

AC Noise 

Miscellaneous Troubleshooting 
Average Responding AC Convertor 


A/D Convertor Servicing 
A/D Noise 
Inguard Logic Troubleshooting 


Outguard Logic Troubleshooting 
Main Controller Troubleshooting 
Front Panel Troubleshooting 

HP-IB Troubleshooting 


Miscellaneous Troubleshooting 
Power Supplies 
Reference Assembly 
Turn-Over Errors 
Other Troubleshooting 


Troubleshooting Diagrams 
General Troubleshooting Diagram 
Inguard Troubleshooting Diagrams 
Outguard Troubleshooting Diagrams 
Schematics 


Group B): Use this service group if an OL (overload) 
condition is observed at turn-on, or the instrument fails 
its self-test (see paragraph 3-6), or the dc mode is in- 
operative. A self-test failure is indicated if an integer 
number or non integer number is displayed, when the 
3455A is in the self-test mode. A display of an integer 
number indicates an Auto-Cal failure and if only a non 
integer number is displayed, the failure is in the logic 
circuits. Use the half-split technique to isolate the in- 
guard and outguard logic sections and go to Service 
Group E for the inguard logic troubleshooting and Ser- 
vice Group F for the outguard logic troubleshooting. 


c. AC Convertor Troubleshooting (Service Group 
C): Use this service group if the ac function is defective. 
Before using this service group, however, the instrument 
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Inguard/Outguard Transfer Troubleshooting 


Auto-Cal and DC Troubleshooting (Inguard) 


A/D Convertor and Inguard Logic Troubleshooting 


Paragraph 
Paragraph 
Paragraph 
Paragraph 
Paragraph 
Paragraph 
Paragraph 


Paragraph 
Paragraph 
Paragraph 
Paragraph 
Paragraph 


Paragraph 
Paragraph 
Paragraph 
Paragraph 
Paragraph 


Paragraph 
Paragraph 
Paragraph 
Paragraph 


Paragraph 
Paragraph 
Paragraph 
Paragraph 


Paragraph 
Paragraph 
Paragraph 
Paragraph 
Paragraph 


A11, A20 
A10, A14 
A1, A3, A10 


Paragraph 
Paragraph 
Paragraph 
Paragraph 
Figure 8-H- 


should operate correctly in the dc function and Auto- 
Cal mode. 


d. Ohms Troubleshooting (Service Group D): Use 
this service group if the ohms function is defective. 
Before using this service group, the dc function and the 
Auto-Cal mode of the 3455A should operate correctly. 


e. A/D Convertor and Inguard Logic Trouble- 
shooting (Service Group E): This service group can be 
used when it has been determined by the half-split 
technique that the inguard section of the instrument is 
defective. A faulty A/D Convertor or a faulty inguard 
can also be determined by an indication of strange 
readings on all functions and ranges. This service group 
can also be used if a defective A/D board has been 
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isolated by substituting it with a good A/D board. 


f. Outguard Logic Troubleshooting (Service Group 
F): This service group should be used if a defective 
outguard section has been isolated by the half-split 
technique. Helpful hints for the Signature Analysis (SA) 
method are mainly given in this group. 


g. Miscellaneous Troubleshooting (Service Group 
G): This service group can be used for troubleshooting 
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power supplies, reference assembly, turn-over errors, 
and others. The troubleshooting information in this 
group does not fit in the other groups. 


h. Troubleshooting Diagrams (Service Group 
H): Troubleshooting Diagrams may be used to service 
the 3455A in place of the other service groups. This 
group also contains a detailed block diagram and all the 
schematics of the circuits used in the instrument. 
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8-A-1. TURN-ON CIRCUITRY (INGUARD AND OUTGUARD). 


8-A-2. Turn-On failures will show up as an inoperative front panel and a blank display. Because of 
the RAM’s timing, the LED’s which first light up will vary with instruments and also on the same 
3455A each time it is powered up. Therefore the front panel will usually give no clues to the reason 
for any turn-on failures. 


8-A-3. Inguard/Outguard Isolation. 


8-A-4. Assuming that the power supplies of the 3455A are good, the Instrument Half Splitting 
Technique (paragraph 8-176) should be the first step in isolating turn-on failures. Either the inguard 
or the outguard section could hang up the 3455A’s turn-on sequence. The front panel indication does 
not tell where the fault is located. Therefore, the Half-Splitting Technique should be used to isolate 
the fault between inguard or outguard section of the 3455A. If an extra 3455A and an In- 
guard/Outguard Service Cable is not available, the method described in Figure 8-45 may be used. 
When it is determined which section of the 345SA is at fault, go to the appropriate troubleshooting 
section in this service group (see paragraph 8-198 and Table 8-3). 


8-A-5. Outguard Troubleshooting (Schematic 8). 


a. Check for a clock signal at A3TPS. If no signal exists or the signal level is below 4 V(peak to 
peak), then troubleshoot the outguard clock circuit. 


b. Add A1C46 (part number 0160-3622) if the 3455A does not have one (schematic 8). 


c. Troubleshoot the outguard turn-on circuit (A1US, U26, and associated components). Check for 
a pulse at turn-on, as shown below, which can be seen at U26 pin 9. This pulse connects to inverter 
U5 which holds data lines D2 through D7 low for the duration of the pulse. The processor should 


turn on at the trailing edge of that pulse. 


——— 150-250mSEC-———> 


d. Check the Nanoprocessor interrupt circuit for correct operation. The IN ENA line should be 
held high and the IN REQ line should either toggle from high to low to high, or remain high. If these 
conditions do not exist, then troubleshoot the interrupt circuit (Al1U46, U47, US3, and USS). The 
turn-on circuit (A1U26) must be working before troubleshooting the interrupt circuit. 


e. Using the Signature Analysis routines in Figure 8-H-20 to 8-H-27, troubleshoot the outguard 
logic. If any difficulty is observed using the signature analysis routines, go to Service Group F, 
paragraph 8-F-1 for troubleshooting hints. 


f. Using the information in Service Group F paragraph 8-F-1, troubleshoot the outguard logic. 


8-A-6. Inguard Troubleshooting (Schmatic 5, 6, 7). 


8-A-7. The Inguard Mother Board (A10) and or the A/D Convertor Board (A14) may cause turn-on 
failures. To isolate one from another swap a good A/D convertor board (A14) with the one in the in- 
operative 3455A. If a known good A14 board is not available, use the one from the 3455A which was 
used in half-splitting the instrument. 


8-A-8. A10 Motherboard Troubleshooting (Schematic 5, 6, 7). 


8-A-9. Use the following steps in the order they are presented to troubleshoot the Inguard Mother- 
board (A10). 
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a. Check for a clock signal at Al0U26 pin 27. If no signal exists or the signal level is below 4 V 
@ (peak to peak), troubleshoot the inguard clock circuit. 
b. Check the + 10 V reference voltages at A1O0TP8 for + 10 V + 100 nV, and at A10TP7 for -10 V 
+ 20 mV (schematic 5). If these voltages are too low, the 3455A may not complete the Auto-Cal 
routine and lock up. 


c. Pin 29 of A10U26 should, under normal condition, be toggling. At turn-on it should have a 20 
msec negative going pulse. If these signals are not present, then troubleshoot the inguard processor 
turn-on circuit. This circuit consists of U24, U19, U9, and their associated circuits. Normally U9 pin 
11 should have a 2 V signal with some ripple and about 1.2 V at pin 10. At turn-on U19 pin 2 should 
have the approximate pulse as shown below. 


SS 20 msec >| 


d. A 300 nano second negative pulse for each interrupt should be observed at U32 pin 4. Since it is 
difficult to observe the pulse, this interrupt circuit can be checked by manually clocking TP10. This 
can be achieved by pulling TP10 low and then releasing it. U26 pin 29 should then toggle. If no toggl- 
ing is taking place, troubleshoot the interrupt circuit consisting of U32A and U27. If there is toggling, 
check T2 or the outguard section (Al). 


e. Check for an A/D waveform (see Service Group E). If none is present, toggle TP10 again and 
@ look for an A-D waveform. If the waveform appears, then troubleshoot the interrupt circuit con- 
sisting of U32A and U27. 


f. Check for toggling outputs on pins 2, 4, 6, 8, 10, and 12 of U22. 
g. The outputs (pins 9 to 15) of U14 should also toggle with 500 nano second wide negative pulses. 
h. Check operation of latches U11 to U13, U15 to U17, and ROM U2S5. 


i. Make sure that the zero detect signal (U32B pin 12) is not loaded down by anything on the Al0 
board. 


8-A-10. A/D Board Troubleshooting (Schematic 5, 6). 


8-A-11. A couple of checks can be made to troubleshoot the A/D board (A14). One check is to make 
sure that the + 10 reference voltages are correct. A10TP8 should be +10 V + 100 nV and A10TP7 
should be -10 V + 20 mV. Another check, is to make sure that there is a zero detect signal at Al4 pin 
5. If these checks are good and the 3455A is still inoperative, go to Service Group E for further 
troubleshooting. 


8-A-12. Inguard/Outguard Transfer Circuit Troubleshooting (Schematic 7, 8). 


8-A-13. At turn-on the outguard processor starts the operation of the inguard processor. The in- 
guard then enables the outguard. Since timing is very critical, the Inguard/Outguard Transfer circuit 
may cause turn-on failures. Depending on where the failure is located, it could show up as either an 
inguard or an outguard malfunction. When half-splitting the 3455A, the following checks should be 
made to troubleshoot the transfer circuit. 


a. The signals at A10U26 pins 34 to 37 (inguard) should be the same as those on A3TP4 to TP1 
(outguard). The only exception is the signal at A3TP1. This signal should be the same as the signal at 
A10U28 pin 9. If the signals do not agree, check for malfunctions in the inguard light isolators 
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A10U34 and U35, plus associated circuits. Lines F@ and F1 transfer data from outguard to inguard 
F@ is the data transfer line and F1 is the data transfer rate line), while F2 and F3 send data from in- @ 
guard to outguard (F2 is the handshake line and F3 is the data transfer line). 


b. HAZ line must be high, if not, check TP10. 


c. Use the Inguard/Outguard transfer circuit troubleshooting diagram (Figure 8-H-17) for further 
troubleshooting. 


d. The inguard power supply regulators (10U36 to U39) can also cause transfer problems. The 
outguard should power up after the inguard. Check for a slow (more than 200 msec) inguard power 
supply. 
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8-B-1. AUTO-CAL AND DC TROUBLESHOOTING (INGUARD). 


8-B-2. All 3455A input signals travel through the main de amplifier and Auto-Cal circuits. In order 
to troubleshoot D.C. and Auto-Cal malfunctions, a good fundamental knowledge of the 3455A’s 
Auto-Cal and self-test routines are required. 


8-B-3. Auto-Cal Constants. 

8-B-4. There are 14 cal constants used in the 3455A, which are usually zero and full scale voltage 
“‘readings’’. These account for most offsets, gain, and drift of the input op-amps. The ‘‘readings’’ 
are taken periodically when the 3455A is in the Auto-Cal mode. A condensed description of all the cal 


constants are in Table 8-B-1. If a more detailed description of the cal constants is desired, refer to the 
appropriate paragraph in the Theory of Operation section of this manual. 


Table 8-B-1. Auto-Cal Constants 


onstant «gs Circuits Detailed 
lo, no input - A/D offset measurement ae es Paragraph 8-45 


2 , | ratio - + 10 V reference input, A/D Paragraph 8-46 
Be ration measurement. 

10 V offset - X1 gain with amplifier input Paragraph 8-24 

tied to ground. Input attenuator at X1 

gain. 


Paragraph 8-27. 


= 
= 


= 
= NO w N 


a 
Ee 
® 
oe 
@ 


10 V gain - X1 gain with amplifier tied to 


+ 10 V reference. Input attenuator at X1 
gain. 


Figure 8-B-2 
Ohms and .5 V offsets - X20 gain with |Figure 8-B-3 Paragraph 8-39 
amplifier input tied to ground. Input atten- 
tuator at X1 gain. 

Figure 8-B-4 

Figure 8-B-5 


Ohms and 5 V offsets — X2 gain with Paragraph 8-39 
amplifier input tied to ground. Input at- 
tenuator of X1 gain. 


100 V offset #2 (X1) - gain with amplifier 
input tied to 10:1 attenuator with top of 
10:1 attenuator tied to ground. 


1000 V offset - X1 gain with amplifier |Figure 8-B-6 Paragraph 8-26 
tied to 100:1 attenuator with top of 

100:1 attenuator tied to ground. 

100 V gain - X10 gain with amplifier tied |Figure 8-B-7 Paragraph 8-31 
to 10:1 attenuator with top of 10:1 at- 

tenuator tied to X10 V reference. 

100 V offset #1 (X10) - X10 gain with |Figure 8-B-8 Paragraph 8-33 
amplifier input tied to 10:1 attenuator 

with top of 10:1 attenuator tied to 

ground. 

.1 V offset -X100 gain with amplifier in- | Figure 8-B-9 Paragraph 8-25 
put tied to ground. Input attenuator of X1 

gain. 

1 V offset #1 -X10 gain with amplifier in- | Figure 8-B-10] Paragraph 8-25 
put tied to ground. Input attenuator of X1 

1 V offset #2 -X10 gain with amplifier in- | Figure 8-B-11 Paragraph 8-30 
put tied to 10:1 divider. Top of divider 
shorted to ground. Input attenuator at X1 
gain. 


gain. 
1 V gain -X10 gain with amplifier tied to | Figure 8-B-12| Paragraph 8-28 


Paragraph 8-26 


10:1 divider with 10 V at the top of the 
divider. Input attenuator at X gain. 
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8-B-5. When pressing the TEST button of the 3455A, each cal constant is measured. The first cons- 
tant measured is constant number 13. If constant 13 is within certain limits (which are internally set) 
the 3455A will automatically measure the next constant. If constant 13 is out of its limits the self test 
operation will stop. A number 13 will be displayed on the front panel of the 3455A. In order to 
measure the next cal constant, the TEST button needs to be pressed again. If all the cal constants are 
good, a logic check will be performed. The 3455A will then display + .8.8.8.8.8.8.8 when the self-test 
operation is completed. After the self-test operation is finished it will automatically start again. To 
bring the 3455A out of this loop, any function key other than TEST needs to be pressed. 


8-B-6. When the 3455A is in the self-test mode, and it fails this test, it will stop and display an integer 
number. This number is the number of the cal constant that fails. To continue the self-test operation, 
press the TEST button again. After all the cal constant measurements are taken, and the 345SA is still 
in the self-test mode, another measurement is taken. A dummy cal constant calculation is performed 
in the outguard section of the 345SA. If this calculation is correct (answer should be 10), nothing will 
be displayed. The instrument will then finish the self-test operation. If the dummy calculation is in- 
correct, a non-integer number (e.g., 9.998 or 10.002) will be displayed on the front panel. Again, to 
continue the self-test operation the TEST button needs to be pressed. 


8-B-7 When the 3455A is used with the HP-IB system and if any of the cal constants fail, the 3455A 
will not output any readings. If only the dummy calculation fails then the dummy calculation answer 
will be output on the bus. If the 3455A passes its self-test then a 10 will be output on the bus. 


8-B-8. The 3455A should not be troubleshoot for Auto-Cal malfunctions in the self-test mode. If any 
cal constants fails, including the dummy constant, use the cal constant service procedure (paragraph 
8-B-10) for troubleshooting. If only the dummy constant fails try replacing the ALU’s (A1U28, 30), 
and their associated circuits, in the outguard section (schematic 8). If the dummy constant still fails, 
go to the Outguard Troubleshooting Service Group (Service Group F). 
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Figure 8-B-2. Auto-Cal Constant #10 (10 V Gain). 
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Figure 8-B-4. Auto-Cal Constant #8 (10 K, 100 K, and 10 M Offsets). 
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Figure 8-B-6. Auto-Cal Constant #6 (1000 V Offset). 
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Figure 8-B-8. Auto-Cal Constant #4 (100 V Offset #1). 
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Figure 8-B-9. Auto-Cal Constant #3 (.1 V Offset). 
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Figure 8-B-10. Auto-Cal Constant #2 (1 V Offset #1). 
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Figure 8-B-11. Auto-Cal Constant #1 (1 V Offset #2). 
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Figure 8-B-12. Auto-Cal Constant #0 (1 V Gain). 
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8-B-9. Auto-Cal Switch Closures. (Schematic 1, 5, 6, 7). 


8-B-10. Various tables are included in this service group which can be used as troubleshooting aids 
for Auto-Cal failures. Table 8-B-2 shows the closed switches for the measurement of Auto-Cal cons- 
tant 11 to 0. The function of several gates used in the Auto-Cal mode of the instrument are shown in 
Table 8-B-3. To find the switch drive voltage levels for Auto-Cal constants 13 to 0, Table 8-B-4 
should be used. 


8-B-11. Cal Constants Service Procedure. 


8-B-12. When the 3455A is in the Auto-Cal mode, the instrument measures one or more cal constant 
between each sample. The number of cal constants measured depends on the sample rate. In order to 
reach a certain cal constant measurement, use the following procedure. 


a. Press the DCV and HOLD/MANUAL buttons and then the AUTO CAL button of the 3455A. 
The instrument should now be stopped at a certain cal constant. 


b. Make sure the 3455A is out of the Auto-Cal mode. Press the AUTO CAL button again, if 
necessary (the light in the AUTO CAL button should be off). 


c. To locate the desired cal constant or to go through the cal constants completely, briefly press the 
AUTO CAL button twice to turn Auto-Cal on and off. Each time Auto Cal is turned on and off, the 
Auto-Cal circuitry will attempt to decrement through the cal constants from 13 to 9, and the return to 
constant 13. 


NOTE 


The AUTO CAL button should not be pressed on and off too fast or too 
slow, because the 3455A may remain in the same cal constant or advance 
past more than one cal constant. A few tries may be necessary to decre- 
ment one cal constant step each time. 


Table 8-B-2. Auto-Cal Switch Closures. 
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® Table 8-B-3. Gate Function in Auto-Cal. 


Q19 X1 Gain 

Q21 X10 Gain 

Q22 X2 Gain 

Q28, Q28 X1 Buffer 

Q29,.031, Q32 TV Reference 

Q36 10:1 Input to Ground 

Q18 + 100 Gain 

Q38 10:1 Victual Ground 

Q39 100:1 Attenuator 

Q35 10:1 Attenuator 

Q15 10:1 Attenuator to Input 
Q16 100:1 Attenuator to Input 
Q33 + V Reference to Attenuator 
Q34 Attenuator Input to Ground 
oQ2 Low Voltage Input to Ground 
Q4 + V Reference to Input 


Table 8-B-4. Switch Driver Voltage Levels. 


Pin Test Pin 
Designator | No. O 1 2 3 4 5 6 7 9 10 11 12 No. 
U4 : ‘ 


ioe) 
= 
Ww 


1 @ G @ 1) 24 -24 -24 -24 @ i) @ G tt) @ 1 

2 -24 -24 -24  -24 24 -24 -24 24 0 @ -24 -24 = -24 24 2 

® L L L E L L L L H H L E L L 5 

aan H H H L ie L L H H H H H H 7 

SE (le E L H LE H H L L L E E L 9 

10° L L L H L H H L L L L L L 10 

r 13 49.5 19.5 +95 +95 -24 +95 -24 24 +95 195 19.5 19.5 195 419.5 13 
14 -24 -24 = -24 24 @ 24 @ ) -24 -24 -24 -24  -24 24 14 

U5 1 24 = -24 24 = =-24 24 24 = =-24 24 24 -24 -24 -24 -24 -24 jl 
2 -24 = -24 24 0 24 -24 -24 -24 -24 @ 24 -24 -24 = -24 2 

5 L L H L E L L L H L L L L 5 

7 OE i L [Ee L E E L L E L L L L us 

9 OR H H E H H L Lt H L 8 L H H 9 

is a L L L L L H H E L H H iL L 11 

13-24 24 -24 -24 -24 24 0 G 24 -24 #1499 @ -24 24 13 

14 +1 i) @ 24 @ +1 24 -24 @ 24 -24 -24 +1 +1 14 

U6 A 0 24 -24 -24 -24 @ 24 -24 -24 -24 -24 +1 +1 1 
2 -24 -24 -24 @ -24 = -24 24 -24 -24 @ 24 -24 -24 -24 2 

Sk E L H L L L L is H L L L L 5 

7 on H i le E L H L [Is L L E H H 7 

oe L L L L LE H L L L L L L L 9 

Wile Ee [Ep L L L L L L Le L H L & E 11 

13° -24 -24 -24~ -24 24 24 -24 -24 -24 -24 +9.9 -24 24 24 13 

14-24 24 -24 -24 24 24 0 24 24 -24 -24 -24 24 24 14 

U8 1 -24 = -24 24 -24 -24 -24  -24 24 = -24 24 = =-24 24 24 24 1 
2 -24 @O 24 -24 -24 24 @ 24 -24 -24 -24  -24 24 24 2 

4 H Ls H H H H L H H H H H H H 4 

7 AE L L E L L L L L L L L L L 7 

oT E L L G L L L L L. i L Li L 9 

7 B B H H B B B B H H B H L i Ant 
13 -24 -24 @ @ -24 -24 -24 -24 @ 0 24 @ 24 = -24 13 
14. -24 -24 -24 = -24 24 24 24 -24 -24 -24  -24 24 -24  -24 14 

Ug 1 -24 = -24 24 24 @ 1 -24 @ -24 24 24 -24 24 8 -24 2 
2 -24 -24 = -24 24-24 -24 -24 -24 = -24 24 -24 = -24 24 24 2 

Diane L Lk L is ke le L L LE L L C E 5 

de ile L L L H H L H i L BS L E L 7) 

a 9 4H L L iE L L L L LE L LE E H H 9 
i 6H H H H H H H H H H H H H H 11 

14 +9.5 -24 -24 -24 -24 -24 -24 -24 -24 -24 -24 -24 195 +95 14 


The symbols L and H refer to TTL logic levels where L is < .8 V dcand H is > 2.2 Vdc. 
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d. To determine which cal constant is measured, connect a high input impedance DVM (10 V 
range input impedance > 10!0 ohms) to one of the points shown in Table 8-B-S. 


e. By stepping through the cal constants from constant 13 to 0 and monitoring one of the points in 
Table 8-B-5, every cal constant step can be located. 


NOTE 


The voltages listed in Table 8-B-5 are approximate and should only be us- 
ed to locate Auto-Cal constants and for troubleshooting. 


8-B-13. By using the cal constants stepping procedure in conjunction with Table 8-B-5, any one cons- 
tant step can be located. When using this method and the 3455A is malfunctioning, or possibly two 
conditions in Table 8-B-4 may be inoperative. (Example: Readings at A10TP4 and TP2 are bad). It 
is very unlikely, however, that all four conditions are inoperative. If this should occur, then check the 
+10 V reference and/or the inguard logics. 


Table 8-B-5. Cal Constant Monitoring Points. 


Approximate A10TP4 
Voltage 


Voltage at the Multiplexer 
Mode (Source of A10Q1) 


Voltage at the Junction of 
A10K6 and A10R47 


A10TP2 Voltage 


8-B-14. Switch Closure Table. 


8-B-15. Most of the switch closures used in the 3455A are listed in Table 8-B-6. This table lists the 
previous closures dependent on the range, function, and Auto-Cal mode of the 3455A. For 
troubleshooting malfunctions of the various operations of the instrument, this table may be very 
helpful. 


8-B-16. Auto-Cal Troubleshooting (Schematic 1, 7). 


8-B-17. Most Auto-Cal failures also show up as dc failures and should be repaired first. These 
malfunctions usually show up as a failure in the self-test mode of the 3455A. The following are a cou- 
ple of hints to troubleshoot these malfunctions. 


a. Set the 3455A to the self-test mode and find out which cal constants are failing. Take the 3455A 
out of the self-test mode (press any other function button). Using the cal constants service procedure, 
go to the bad cal constant. While refering to the various tables and figures in this service group, 
troubleshoot the bad constant. 
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Table 8-B-6. 3455A DVM Switch Closures. 
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b. If unable to repair the Auto-Cal failure, Table 8-B-6 may be helpful if applicable. The dc in- 
operative section paragraph 8-B-18 in this service group may also be helpful. & 


8-B-18. DC Inoperative (Schematic 1). 


8-B-19. When the dc function of thé 3455A is inoperative, it can also show up as an Auto-Cal 
failure. These failures should be serviced using the information in paragraph 8-B-3 to 8-B-15 in this 
service group. Some of dc and Auto-Cal failures may be serviced by using the following procedures. 


Table 8-B-7. Possible Auto-Cal Failure Causes. 


Cal Constants Failed 3455A Display Possible Cause 


Shorted A14U1d 

Open A14C2 

A10Q36 Shorted 

Gate Bias 

DC Pre-amp 

DC Pre-amp 

A10Q4 Shorted 

A10Q19 Open 

A10U3 

A10Q16 Shorted 

A14Q3 Open 

A10Q15 Shorted 

A10Q18 Shorted 

A10Q2 Shorted 

A10Q04 Open 

A10Q21 Shorted 

A10Q2 Open 

A10U18 or A10037 

Reference Supply 

A10Q29 and/or A10Q031 Shorted 
A10Q39 Shorted 

A10U3 or Open A10QA18 
A10Q35 Shorted 

A10Q27 Open 

A10Q27 Open 

A10Q21 Open 

A10Q27 Shorted 

A10Q15 Open 

A10Q3 Shorted or A10K5 Open 
A10Q16 Open 

A10Q28 Shorted 

A10Q22 or A10Q19 Shorted 
A10Q35 or A10K6 Open 
A10Q33 Open or A10Q38 Shorted 
A14 Board or A10Q34 Shorted 
Where X is any number go to Service 
Group 6 
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8-B-20. Leakage and Other Various Malfunctions. 


8-B-21. The following quick leakage test may be used to isolate most leakage failures. 


a. Set the 3455A to the DCV function 10 V range, with Auto-Cal off. 


b. Short and then open the input terminals of the instrument and note the change in readings on 
the display. 
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c. If the reading changes faster than .25 V per second, there is leakage on the multiplex node. If 
e the reading on the display changes positively, either Al10Q5 or QI7 may be leaky. If the change is 
negative, A10Q2, Q3, Q4, Q13, Q15, or Q16 may be leaky. 
8-B-22. The test in the above paragraph, paragraph 8-B-21, is a quick leakage test and should find 
most leakage failures. A more thorough test involves checking zero and full scale voltages on all dc 
ranges. Start with the 10 V range and the other ranges in the following order: 1 V, 100 mV, 100 V, 
and 1000 V ranges. The following paragraphs contain the procedures which should be used for 
leakage failures. 


8-B-23. 10 V Range or Constant 10 and 11 Fail. 


a. Set the 3455A to the 10 V range, Auto-Cal on and short the input terminals. If the reading on 
the display is positive (more than 5 counts), Al0Q1 may be leaky. If the reading is negative (more 
than 5 counts), Q2 may be leaky. To doublecheck for a defective Q1 and Q2, note the reading on the 
1 V and 100 mV ranges. The bad reading should also be present on those ranges. 


b. Apply + 10 V or -10 V to the input terminals of the 3455A. Make sure the readings are within 
specification. Check the reference voltages and adjust them, if necessary. Al10TP8 should be + 10 V 
+100 nV and TP7 should be -10 V +20 mV. If the reference voltages are good and the instruments 
readings is low, Al0Q4 may be leaky. 


8-B-24. 1 V Range or Constant 0, 1, and 2 Fails. 


a. For the 1 V range check, do the procedure as explained in paragraph 8-B-23a. 


b. For the 1 V range full scale check, do the following: 


voltage of + 1 V should appear on the multiplex mode and + 10 V should be at A1OTP4. If the 
multiplex mode reading is bad, troubleshoot the input circuit. If the reading at TP4 is bad, 
make sure A10Q21 is turned on. Check for leaky Q22, CR12, CR13, or a defective U3. If TP4 
reads good, set up the 3455A for the self-test mode by pressing the TEST button. Check for cal 
constant 0 failing and if it does, troubleshoot the failure by using the procedure of paragraph 
8-B-10. Continue with the next step if constant 0 does not fail. 


® 1. With the 3455A set the 1 V range and Auto-Cal off, apply + 1 V to the input terminals. A 


2. By using the procedure of paragraph 8-B-10, step to cal constant 0. Adjust the active at- 
tenuator for a zero reading, as read at AI0TP1 (adjust R66). Measure the voltage at J3 pin 9 for 
exactly + 1 V. If the reading is low, Q39 or Q18 may be leaky. If the reading is good, check the 
operation of Q36. This can be done by changing the high voltage amp offset. The 1 V reading at 
J3 pin 9 should change, because the gain of the 1 V range is changed. 


8-B-25. 100 mV Range or Constant 3 Fails. 
a. For the 100 mV range zero check, do the procedure of paragraph 8-B-22a. 
b. For the 100 mV range full scale check do the following: 


1. Apply + 100 mV to the input of the 3455A. The instrument should be set to the 100 mV 
range with Auto-Cal. Measure for approximately + 10 V at A10TP4 and 1/10 of this voltage at 
TP5. TP2 and TP6 should read approximately the same as TPS. If the reading at TP5 and TP6 
are incorrect, check the power supplies of U3 (pins 4 and 7). The supplies should have approx- 
imately the voltage at TP6 + 5 V. Troubleshoot U3 and associated circuitry if necessary. 


2. Adjust the high voltage amp (A10U18) to zero, as read at TP1 (adjust R66). Measure the 
voltage at the 10:1 divider (J3 pin 9) for exactly 1/10 the voltage at TP2. If this voltage is incor- 
e rect, Q16 or Q21 may be leakly. 


8-B-26. 100 V Range or Constants 5, 4, and 7 Fail. 


a. The active attenuator can be checked by applying + 10 V to the input of the 3455A. With the in- 
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strument set to the 100 V range and with Auto-Cal on, measure for any readings at A10TP1. If this S 
voltage is incorrect, check the bias of the input FET’s by shorting the drains of Q38 to the sources of 

Q38. TP1 should now read zero. The drains of Q37 should be approximately + 10 V and the sources 

of Q3 should read between + 1 V and +2 V. Troubleshoot the active attenuator, if the readings are 

bad. 


b. For the 100 V range zero check, set the 3455A to the 100 V range with Auto-Cal off. Adjust R66 
for a zero reading at TP1. If unable to adjust for a zero voltage, check for a leaky C21, C22, C26, 
CR32, or Q37. If the zero reading is good, the 3455A should display 0 V + 1 count, a short time after 
Auto-Cal is turned on. If an offset remains on the display, Q36 may be defective. 


c. For a 100 V range full scale check, observe for a cal constant 5 failure, when the 3455A is in the 
self-test mode. If cal constant 5 fails, troubleshoot its circuitry by using the procedure of paragraph 
8-B-11. If cal constant 5 passes, step to cal constant 5 by using the procedure of paragraph 8-B-11. If 
cal constant 5 passes, step to cal constant 5 by using the procedure of paragraph 8-B-11. Measure 
TP2 for approximately -1 V and measure for approximately -.1 V at the 10:1 divider (pin 9 of J3). 
Check for exactly + 10 V at the junction of R47 and Q33, and for + 9.9 V at the junction of R47 and 
K6. If + 10 V is measured at R47 and K6 instead of + 9.9 V or R63 may be open. 


8-B-27. 1000 V Range or Constant 6 Fails. 


a. For the 1000 V range zero check, remember that some of the same circuits are used in the 100 V 
range. The 100 V range zero and gain should be working before troubleshooting the 1000 V range. 
Check for the proper switch closures used in cal constant 6 (use the procedure of paragraph 3-B-11 to 
locate constant 6). 


b. For a 1000 V gain check, use the procedure of paragraph 8-B-24b. 


c. Set the 3455A to the 1000 V range with Auto-Cal on, and apply 1000 V to the input terminals. If 
the reading on the display changes intermittently from 100 counts to 200 counts, A10K5 or K6 may be 
breaking down. KS5 and K6 can be checked by connecting channel A of an oscilloscope (set to 20 
V/div) at the junction of R47 and K6. 


For safety, connect the scope probe to the 100 K resistor R47. 


Connect channel B of the scope (2 V/div) to pin 10 of U24. Set the scope to the chop mode and trig- 
ger on channel B. If channel B indicates a 5 V spike when arcing occurs, as seen on channel A, then 
K6 may be breaking down. If the indication on channel B appears to be good, K5 may be defective. 
C21, C23, or the input node of Q37, may also be defective. 


8-B-28. Various Other Malfunctions. 
8-B-29. Shorted FET’s. 


a. Occasionally FET’s on the multiplex node may short. Two ways can be used to isolate shorted 
FET’s. 


1. Measure the gate to on resistance with an ohmmeter. 


2. Short the input of the 3455A and turn the high resolution and Auto-Cal functions off. 
While monitoring Al0TP3 step through all the dc ranges (1 V, 10 V, etc.) and ac functions. 
Make sure Auto-Cal is turned off after every range and function change. If TP3 dips to-24 V,a 
FET may be shorted. Usually, the defective FET is normally turned off in that particular range 
or function. 


b. If A10U1 gets very hot U1, Q2, Q13, or Q14 could possibly have their gates shorted to their 
can. 
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c. Shorted FET’s and U1 may show up as on ‘‘OL”’ indication on the display of the 3455A. This 
e condition can be checked by measuring the voltages at TP4. If the voltage reads approximately + 16 
V or -16 V, then measure TP3. If TP3 appears to be floating or is at a -24 V level, short the multiplex 
node to ground. If the ‘‘OL’’ condition disappears, a FET on the multiplex node is shorted. Use the 
procedure of paragraph 8-B-29a, b to find the shorted FET. Some possible FET failures may be Q3, 
Q4, Q15, Q19, or Q21. 


8-B-30. Other Troubleshooting Hints. 
a. If either A10K5 or K6 sticks closed, it may damage the other relay. Both should be replaced. 
b. A sticking KS could also damage R47, when K6 closes. 


c. If 9.9009 V is displayed on the 100 V and 1000 V ranges of the 3435A with the input open, 
A10K6 is probably shorted. 


d. A10L1 should not be too close to R63. Arcing could occur for 1000 V inputs. 


e. With Auto-Cal on and A10R66 adjusted, the instrument should temporarily indicate an offset 
on either the 1 V, 100 V, or 1000 V ranges. If the offset remains, Q36 may be open. 


f. If all tests pass and the 100 mV range is out of tolerance, then A10Q28 may be open. 


g. If all tests pass the 3455A reads zero volts on the 1000 V range with an input voltage, Q39 may 
be open. 


h. If all tests pass and then 100 mV, 1 V, 100 V, and 1000 V ranges are out of tolerance, then 
A10Q29 or Q31 may be open. 


@ i. If all tests pass and the 100 V and 1000 V ranges are out of tolerance, then A10Q4 may be open 
or K6 may be shorted. 


j. If Auto-Cal constant 5 fails and the 100 V and 1000 V ranges are way out of tolerance, then 
A10R46 or R63 could have changed value. 


k. If 17 V appears on the multiplex node, check for a defective Al0Q15, Q18, CR12, or U12. 
8-B-31. General Noise. 


8-B-32. Noise in the 3455A may show up in one or more functions. If more than one function is 
noisy it usually indicates dc noise. The de noise source should be found first, before troubleshooting 
any ac or ohms noise. Go to Table 8-3, to find the correct service group for ac and ohm noise. 


8-B-33. DC Noise (Schematic 1, 5, and 6). 


a. Equal amount of noise on all ranges: Noise of this nature is usually caused by the output of the 
dc amplifier (A10U2), the reference assembly (A11 or A20), or the A/D convertor (A14). The follow- 
ing two methods can be used to find noise causing circuits. 


1. Try replacing the A/D convertor board (A14) with a known good one. If the noise disap- 
pears, go to Service Group E paragraph 8-E-14 for further troubleshooting. If the noise is still 
present or a good A/D board is not available, use the next procedure. 


2. Set the 3455A to the 10 V with Auto-Cal off. Using a high impedance DVM (10 V input 
impedance > 10!0 ohms), measure the 10 V reference at A10TP8. If the reference voltage is 
noisy, replace the reference assembly (All or A20). If TP8 is good, unsolder R38 at the 
multiplex node. With a clip lead, connect TP8 to the unsoldered end of R38. Measure the 

& voltage at TP4. If TP4 is noisy, U2 and its output circuit may be noisy. If the voltage at TP4 is 
quit, the A/D convertor is most likely noisy. Go to Service Group E paragraph 8-E-14 for fur- 
ther troubleshooting. 
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b. Noisy on all ranges. 


1. Check the + 10 V reference voltage at A1OTP8. 


2. Check all inguard power supplies for oscillations. Clock ringing on the supplies are nor- 
mal and should be ignored. A defective Al10U36 may be noisy. 


c. Noise on positive input voltages only: Check the -10 V reference voltage at A10TP7 for noise. 
The 3455A should be in HOLD/MANUAL and with Auto-Cal off. The noise should not be greater 
than the + 10 V reference noise measured at TP8. If the -10 V reference is too noisy, replace U7. 

d. Readings at 1/10 scale noisy and several counts low on any range: Al4C2 may be defective. 

e. Noise on the 100 mV range: Short the input of the 3455A with Auto-Cal off. Measure the 
voltage level at AIOTP1. It the voltage is noisy, try replacing R69, R71, U18, or Q37. If TP1 is not 
noisy, measure with a DVM across TPS and TP6. The low input of the DVM should be connected to 
TP6 and the high input to TPS. If excessive noise is measured, replace U3. 


f. Noise and 5 counts to 10 counts turnover on the 1 V range: Replace A10R41 to R43. 


g. 1000 V dc noisy: Al0K5, K6, or R63 may be arcing inside. If KS or K6 are replaced, replace 
both of the relays. 


h. Various other possible noise repairs. 


1. Al10Q7 or Q8 may occasionally oscillate. Care should be taken when measuring with an 
oscilloscope. A probe connected to the output of U2 or the emitter of Q7 may cause oscillation. 


2. Al0U2 or Q6 may also cause noise. 


3. Clean the front/rear input switch (S1). 
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8-C-1. AC CONVERTOR TROUBLESHOOTING. 

8-C-2. True RMS Convertor Servicing (Schematic 3). 

8-C-3. Before troubleshooting the 3455A’s True RMS Convertor, the instrument should operate 
properly in the dc mode. Verify for the correct operation of the dc section, before servicing the ac 
convertor. The following procedure should be followed before troubleshooting or repairing the ac 


convertor. 


a. Check the dc operation of the 3455A. Verify for correct full scale and zero scale readings on all 
ranges. 


b. Set the 3455A to the 10 V range, ac function, and short the input. 


c. Check for approximate zero levels at A1STP8 and TPS, with the low input of the meter con- 
nected to TP6 (go to paragraph 8-C-4 or 8-C-6 if bad). 


d. Short TP3 to TP6 and measure the voltage at TP1. TP1 should read approximately zero. 
Remove the short (go to paragraph 8-C-8 if bad). 


e. Check for proper biasing of Al1SU2. The voltage at U2 pin 2 should be between -2 mV and -3 
mV. Repad R21 if necessary (R21 padding list is in the parts list). 


f. Remove the short form the input of the 3455A. Apply a 10 V, 100 Hz sinewave at the input ter- 
minals. Check for the following voltages. 


1. With an oscilloscope, check for a sinewave at Al1STP8. The amplitude of the sinewave 
should be approximately 2.8 V peak to peak with no shift in the dc level (go to paragraph 8-C-4 
if bad). 

2. A halfwave rectified sinewave should be observed at TPS. The amplitude of the 
waveshape should be approximately 1.4 V peak to peak, with no shift in the dc level (go to 
paragraph 8-C-6 if bad). 


3. The waveshape shown below with an approximate + .75 V dc level, should be observed at 
TP4 (go to paragraph 8-C-8 if bad). 


LN pa ee 
OV 


4. The waveshape shown below with an approximate -1 V dc level, should be observed at 
TP3 (go to paragraph 3-C-8 if bad). 


OV ee 

ae ee ee ee 

5. Check for approximately + .5 V dc at TP2 (go to paragraph 8-C-8 if bad). 

6. Check for approximately + 6.67 V dc at TP1 (go to paragraph 8-C-8 if bad). 

7. Check for approximately zero volts at TP7 with the 3455A in the 10 V or 1000 V ranges. 


This voltage level should change to approximately -15 V when the instrument is switched to the 
1 V or 100 V ranges (troubleshoot gain switching circuit, if bad). 
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g. If all the above checks are good and the 3455A displays approximately 10 V ac (with 10 V, 100 
Hz input), the RMS convertor should be ready for calibration. If the reading is incorrect, A10Q3 may & 
not be turned on or may be defective. 


8-C-4. Preamplifier and Input Attenuator Circuitry. 


8-C-5. The waveshape at TP8 appears to be incorrect, try the following checks (except where noted, 
the input signal should be a 10 V, 100 Hz sinewave). 


a. Check for the correct power supply voltages at U6 pins 4 and 7. Pin 4 should have approximate- 
ly -15 V and pin 7 should have approximately + 15 V. 


b. Set the 3455A on the 10 V range and short the input terminals. Make sure TP8 can reach zero 
volts, when adjusting R65. If unable to reach zero, try changing R77 to 412 kQ“. (part number: 0698- 
4540). If R77 is a 412 K resistor already, replace U6. 


c. If the signal at TP8 is riding on a high dc level, make sure CR7 and Q20 are not touching any 
shielding. Also make sure Q19 is not touching the heat sink of U6. Check CR7 and Q20 for shorts. 


d. If the zero reading at TP8 is good on the 10 V and 1000 V ranges and bad on the 1 V and 100 V 
ranges, try the following checks. 


1. Check the gain switching circuitry of Q16 to Q1I9, and US. Make sure TP7 reads approx- 
imately zero volts on the 10 V and 1000 V ranges. On the 1 V and 100 V ranges TP7 should read 
approximately -15 V. 


2. If the gain switching is correct, lift the drain or source of Q19. Check for a zero reading at 
TP8 with the 3455A in the 1 V range. If the reading is good, replace Q19. 


3. If the reading at TP8 is still bad, short the drain to the source of Q18. If the reading is then 
good, replace Q18. 


4. If the reading at TP8 is still bad, short TP8 to the junction of R86 and R87. If the reading 
is corrected, troubleshoot the feedback network. 


e. If the 3455A has a history of bad Q19’s replace K1, K3, and Q18. Q18 may be damaged if Q19 
has been damaged. The timing of K1 and K3 could be incorrect, causing Q19 to be destroyed by a 
1000 V input. Check ac calibrator output for any spikes and make sure the 107 V Hz limit has not 
been violated. 


f. If it becomes necessary to replace the matched set of resistors R76, R86, and R91, the new set 
should be properly aged. Do the following procedure. 


1. Set the 3455A to the 10 V range and apply a 10 V, 100 Hz signal to the input. Note the 
reading on the display. 


2. Apply a 1000 V at 100 Hz signal to the input. Leave the 1000 V connected for about two 
minutes. 


3. Remove the 1000 V signal and reapply the 10 V at 100 Hz signal to the input. After a cool- 
ing down period (less than 2 minutes), the reading on the display should have not changed more 
than 25 counts from the reading in 1 above. Replace R76, R86, and R91 if necessary. 


g. If it becomes necessary to replace the matched set of resistor R91 and R93, they also need to be 
aged. Use the procedure in f above. The only exception to the procedure is to have the aging done on 
the 100 V range rather than the 10 V range. A 100 V at 100 Hz signal should also be applied in place 
of the 10 V signal. 


h. Other circuits on the Al5 board may cause preamplifier malfunctions. The preamplifier can be 
isolated from the other circuits by lifting R52 and R64. If the preamplifier is working correctly, after 
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e lifting R52 and R64, the other circuits are causing the malfunction (absolute amp, squaring amp, 
etc.). 


8-C-6 Absolute Amplifier Circuitry. 


8-C-7. If the waveshape at TP5 appears to be incorrect, try the following checks (except where 
noted, the input signal should be a 10 V, 100 Hz sinewave). 


a. To check if other circuits on the Al4 board causes failures in the absolute amplifier, the ab- 
solute amplifier can be isolated. This can be accomplished by lifting R52 and R53. The amplifier 
should now be operating correctly. Troubleshoot the amplifier circuit, if defective. 


b. Check the power supply voltages at pins 4 and 7 of U7. Pin 4 should be approximately -15 V 
and pin 7 approximately + 15 V. 


c. Check for an approximately 2.8 V peak to peak sinewave at U4 pin 6. Troubleshoot U6 and 
associated circuitry, if necessary. 


d. If the sinewave at U4 pin 6 has oscillations, reduce C22 to 10 pF (part number in parts list). Do 
not reduce C22 below 10 pF, as the frequency response of the ac convertor may be affected. 


e. The cathode/anode junction of CRS and CR4 should have a sinewave with slight distortion at 
the zero crossover point. Replace CR4 or CRS, if necessary. 


f. If the signal at TP5 is distorted, CR4 may have leakage. CR4 and CRS can be interchanged. 


g. If Q14 or QI5 appear defective, check with an ohmmeter and replace, if necessary. 


& 8-C-8. Squaring Amplifier, Integrator, and Antilog Circuitry. 


8-C-9. The squaring amplifier, integrator, and antilog circuits are connected by feedback paths. 
Isolation of these circuits may be difficult. There are, however, some checks used to help 
troubleshoot these circuits (except where noted, the input signal should be a 10 V, 100 Hz sinewave). 


a. In some cases it is possible to isolate the integrator from the other circuits on the A15 board. 
This can be accomplished by shorting TP6 to the cathode of CR3. The reading at TP1 should be ap- 
proximately zero. If there are great offsets at TP1, troubleshoot the integrator. 


b. Apply a 100 mV, 100 Hz sinewave to the input terminals of the 3455A. The instrument should 
be in the 10 V range and display approximately .1000 V. Check for dc readings of + .82 V at TP4, -9 
V at TP3, -.48 V at TP2, and + .067 V at TP1. These readings may be helpful in isolating the squar- 
ing amp, integrator, and antilog circuits. 


c. Reapply a 10 V, 100 Hz sinewave to the input of the 3455A. The instrument should be on the 10 
V range. Check for dc readings of approximately + .66 V at TP4, -1.15 V at TP3, -.6 V at TP2, and 


+6.7 V at TP1. Again, these readings may be helpful in isolating the squaring amp, integrator, and 
antilog circuits. 


d. Check the power supply voltages of U1, U2, and U3. Pins 7 of the op-amps should be approx- 
imately +15 V and pins 4 should be approximately -15 V. 


e. Check for a voltage drop of approximately + 3.3 V across R36. If this voltage drop is incorrect, 
Q12 or Q13 and their associated circuitry may be defective. 


& f. For parasitic oscillations at TP3 change R36 to 649 Q (part number: 0698-4460). 


g. If the display of the 3455A indicates an overload condition with a good waveshape at TPS, 
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short C13. The squaring amp circuit should now act like an emitter follower with a gain of one. Short 
the input of the 3455A and if the display indicates zero, Q9A or Q11A may be defective. If the instru- 
ment is still in overload, short the cathode of CR3 to TP6. If the overload condition disappears, the 
square root amp (U2 and associated circuits) or Q11B may be defective. If the overload condition re- 
mains, troubleshoot the integrator (U1 and associated circuits). 


h. If Q9 or Q11 are replaced, R6 may need padding. With a 1 V, 100 Hz sinewave applies to the in- 
put of the 3455A, adjust R15 for a 1 V reading on the display. If R17 is out of range, R6 needs pad- 
ding. If the reading is low, increase the value of R6. If the reading is high, decrease the value of R6. A 
change of 4 K ohms should change the reading about .5% (padding list is in the parts list). 


8-C-10. AC/DC Operation. 


8-C-11. When dc coupling is used with an ac input signal, the specifications of the True RMS conver- 
tor become wider. Make sure the instrument meets specifications before troubleshooting the ac con- 
vertor in de coupling. Some troubleshooting hints for the ac/dc operation are given below. 


a. Large differences between an ac and dc input signal with the 3455A set for ac/dc operation: - 
Match the betas of Q9 and Q11. To further help the performance of the ac convertor in dc coupling, 
add C40 (2.2 pF capacitor, part number: 0160-0128). A short procedure for the addition of C40 is as 
follows. 

1. Remove CR3 and install pins into the eyelet holes where CR3 has been removed. 


2. Solder both CR3 and C40 to the pins. Make sure CR3 is mounted in the correct direction. 


b. Difficulty in balancing ac and dc input signals with the 3455A set for ac/dc operation: Try 
changing R55. 


c. Large differences with the 3455A set for ac and ac/dc operation: change R95 to 806 ohms (part 
number 0698-3557). 


8-C-12. AC Noise (Schematic 3). 


8-C-13. Before checking for ac noise, verify that the dc readings are good. Troubleshooting for any 
dc noise must be done before troubleshooting for any ac noise. 


8-C-14. Most noise on the ac convertor board can be isolated into certain areas of the board. The 
following procedure may be used to isolate those areas. 


a. Apply a 10 V, 100 Hz sinewave to the input of the 3455A. Set the instrument to the 10 V range 
in the ac normal function. 


b. With a DVM, measure the ac signal at TP8. It may also be possible to check the signal of TP8 
with an oscilloscope, if the noise is great enough. If the signal is noisy, troubleshoot the input and 
preamplifier circuits of the ac convertor. 


NOTE 
Sometimes it is possible to check noise at TP8 with a DVM in the dc 
mode. The input of the 3455A has to be shorted with the DVM connected 
to TP8. There should be very little deviation noted. 
c. With the 10 V, 100 Hz sinewave applied to the input terminals, measure the voltage at TP5 with 
a DVM in the ac mode. Again, it may be possible to measure the voltage with an oscilloscope. If the 
signal is noisy, troubleshoot the absolute amplifier circuits. 


NOTE 


It is also possible to check for noise at TP5 with a DVM in the dc mode. 


Again, the input of the 3455A should be shorted and very little deviation 
should be noted. 


d. Short the input of the 3455A and measure the dc voltage at TP3. If the voltage is very jumpy, 
troubleshoot the squaring amplifier circuits. 


e. Short the cathode of CR3 to TP6 and measure the voltage at TP1. This voltage may jump 
around a little more than at the other test points. If the voltage is extremely jumpy, troubleshoot the 
integrator circuit. If the voltage is relatively steady, the antilog or square root circuit may be noisy. 


8-C-15. The above procedure (paragraph 8-C-14) should isolate most areas on the ac convertor 
board that may cause noise. A few other hints and checks, given below, may be helpful for specific 
noise. 


a. Noise on all ranges with the input shorted: Check for -2 mV to -3 mV at U2 pin 2. If the voltage 
is out of the correct range, it may cause a noisy zero indication. The padding resistor (R21) may have 
little or no effect in padding U2. This condition is usually caused by a leaky Q9B or CR2. Replace Q9 
or CR2, if necessary. 


b. Noisy when low frequency signal is applied to the 3455A: The fast ac switching circuitry may 
be defective. The following checks can be made to troubleshoot this circuit. 


1. Apply a 1 V, 100 Hz signal to the input of the 3455A, with the instrument set to the 1 V 
range and to the normal ac function. 


2. With an oscilloscope, check the signal at TP1. The signal should be approximately + 6.7 
V dc, with no ripple. If the signal has ripple on it and the dc level is incorrect, perform the next 
step. 


3. Set the 3455A to the fast ac function. Measure the voltage at the junction of R4 and R5 
and the gate levels of Q2 and Q8. The voltage should be approximately -15 V dc. Next, set the 
3455A to the normal ac function. The gate levels of Q2 and Q8 should be approximately zero, 
and the junction of R4 and RS should be approximately + 15 V dc. The gate levels of Q3 and 
Q4 should be complimentary to the gate levels of Q2 and Q8. 


c. Noisy in the fast ac mode: Check for a defective R9. 

d. Other noise: If the 30 V regulator (A10U36) is defective, it may cause bursts of RF with heat. 
This may show up as noise on all functions and ranges of the 3455A. It would be, however, more 
noticeable in the ac function. 

8-C-16. Miscellaneous Troubleshooting (Schematic 3). 

a. 10 kHz reading high: Check for the correct high frequency padding of R89. In order to obtain 

optimum accuracy over the entire frequency range of the 3455A, R89 should be padded approximate- 


ly 4000 counts high with a 1 V, 1 MHz input. Use the following procedure. 


1. The 3455A should be turned on and warmed up for at least 1/2 hour. All shields and 
covers should be in place. 


2. Perform the RMS convertor adjustment in Section V of this manual. 


3. Apply a1 V, 1 MHz sinewave to the input of the 3455A. Pad R89 for a reading approx- 
imately 4000 counts high. Check the accuracy of the ac convertor. 


b. General hints: Give the ac convertor board a good mechanical inspection. Make sure all relays, 
op-amps, capacitors, and FETs are not touching the ground plane, shields, or each other. 


c. Reading above 100 V erratic: Check for relay cases touching the ground plane. 


d. Arcing at 1000 V ac: Check for capacitors touching the shield or ground plane. 
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e. Unable to adjust 100 V at 40 kHz, within limits: Moving the wire connecting the R92, C29, and 
C32, C34 modes away from the shield, may raise the reading. 


f. The 100 V and 1000 V ranges inaccurate: The R92 and R93 resistor divider may have changed 
value. K1 - K3 contacts may be resistive. 


g. Overload indication with a 1000 V at 1 kHz to 10 kHz sinewave applied to the input: A10K1, 
K2, or KS may have developed leakage. The leakage can be isolated by removing the orange jumper 
from the front/rear switch connected to K1 and KS. If the overload condition disappears, K1 or K5 
may be defective. If the overload condition remains, remove the jumper from K2 and connect the 
jumper directly to the input of the A15 board. If the overload condition disappears, K2 may be defec- 
tive. 

h. 1 V and 10 V ranges inaccurate and out of calibration: Al5K3 may be shorted. 

i. Full scale readings go high with an increase in temperature: A15Q9 or Q11 may be defective. 


j. 1500 counts error on the higher ac ranges: Connect guard to low. 


k. Differences in high frequency readings between the front and rear input terminals: Short the 
rear terminals’ guard to low. 


1. The ac convertor should be calibrated with the guard cover in place. 
8-C-17. Average Responding AC Convertor (Schematic 2). 


8-C-18. Due to the simplicity of the average responding ac convertors, only a few pertinent 
troubleshooting hints are given. 


a. Component location and layout may be critical to the convertor’s freqency response. 
Capacitors, especially in the input circuit, should not be too close or too far from the PC board. 
Make sure the relays are not touching the ground plane. 

b. The ac convertor should be calibrated with the inguard cover in place. 

c. Al13Q15, U4, US, and associated circuitry may occasionally fail. 

d. To help flatten the frequency response of the convertor, especially at 10 kHz, C25 is usually 
padded with a 33 pF capacitor (pad list in the parts list). If unable to bring the level down at 10 kHz, a 
28 pF capacitor may be used. 


e. To help in troubleshooting the ac convertor, the following checks can be made. 


1. Apply a1 V, 100 Hz sinewave to the input of the 3455A, with the instrument set to the 1 V 
range. 


2. US pin 6 should have a 1 V peak to peak sinewave and TP1 should havea 5 V peak to peak 
sinewave. 


3. A 6.67 V dc voltage should be read at TP2. If this voltage is good and there is an incorrect 
reading on the display, A10Q3 may not be turned on or may be defective. 


Model 3455A Section VIII 


SERVICE GROUP D 


8-D-1. OHM TROUBLESHOOTING (SCHEMATIC 1, 4). 
8-D-2. Ohms Circuit Isolation. 


8-D-3. Before troubleshooting the ohms convertor, the 3455A should be operating correctly in the dc 
mode. Because some of the dc and Auto-Cal circuits are used in ohms, there circuits should be check- 
ed before working on any ohms circuit. The procedure below may be helpful in isolating the ohms 
section of the instrument. 


a. With the instrument set to the de function, check the zero and full scale reading on the display. 
These checks should be made on all ranges (100 mV, 1 V, 10 V, 100 V, and 1000 V ranges). If any 
malfunctions occur, go to Service Group B for further troubleshooting. 


b. Using the self-test mode of the instrument (see paragraph 8-B-3 for an explanation of the self- 
test), check for any Auto-Cal constant failure. Go to Service Group B if any constants fail. 


c. If the dc readings on the instrument are good and the self-test passes, continue with this service 
group for ohms troubleshooting. 


8-D-4. Ohms Servicing. 
8-D-5. The following checks may be useful if the ohms function is completely inoperative. 
® a. Set the 3455A to the 2 wire ohms function, 1 K ohms range, and Auto-Cal off. 


b. With no load applied to the terminals of the 3455A, check the voltage across the input ter- 
minals. The voltage should be approximately -4.7 V dc (typically -4.5 V to 4.8 V). If the voltage is in- 
correct, the ohms convertor board (A12) or the input relays may be defective. Go to paragraph 8-D-6 
for further troubleshooting. 


c. When approximately -4.7 V is observed at the input terminals, the ohms convertor is in voltage 
limit. This is a correct indication with an open circuit input. Connect a 1 K ohm resistor across the in- 
put terminals of the 3455A. Measure the voltage drop across the resistor. The voltage should be ap- 
proximately -.7 V dc and indicates correct constant current operation of the ohms convertor. Go to 
paragraph 8-D-6 if the voltage is incorrect. 


d. The above steps should isolate malfunctions in the current source circuitry of the ohms conver- 
tor. If all the steps indicate correct ohms operations, the miscellaneous troubleshooting section of 
this service group may be helpful (paragraph 8-D-8). 


8-D-6. Ohms Convertor Troubleshooting (Schematic 1, 4). 
8-D-7. Ohms convertor malfunctions may be caused by the ohms convertor board itself, or by the 
A10 mother board. It is important to remember that the mother board and ohms convertor have in- 
terconnecting ohms circuitry. Try the following procedure to troubleshoot ohms malfunctions. 

a. With a dc voltmeter, measure the voltage across Al2C1. The low side of the meter should be 
connected to TP - V and the high side connected to the plus side of Cl. The meter should read + 19 V 
dc. If the reading is low by .5 V or more, A12T1 or A10T1 may be at fault. 


b. With an oscilloscope, measure the ripple across Al2C1. The ripple should not be more than .1 
& V peak to peak. If the ripple is too high, check A10T1, A12T1, C3, CR4, or Cl. 


c. If the voltage across Al2C1 is very low or zero, look for an approximately 30 V peak to peak 
square wave at the anodes of CR3 and CR4. This signal should be around 31 MHz with the 3455A set 
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for 60 Hz line frequency. If the signal is nonexistant, check for an approximately 3 V peak to peak 
signal at A10U33 pins 9 and 12. If there is a signal at these pins, troubleshoot the circuit between the 
outputs of A10U33 and the secondary of Al2T1. 


d. If there is no signal at A10U33 pins 9 and 12, make sure the divider U31 and U33 are operating 
correctly. Also make sure U33 is enabled by line HI06. The inguard logic (Latch U12) may be defec- 
tive, if the HI06 line is low. 

e. If all the above checks are good and the power supply voltages at Al2TP - V and TP + V are 
good, the other ohms circuits may be defective. Troubleshoot the ohms circuits on the A10 mother 
board first. Make sure the correct relays and FETs are turned on. Troubleshoot the current amplifier 
circuit and the voltage clamp amplifier circuit or the ohms convertor board. 

8-D-8. Miscellaneous Ohms Troubleshooting Hints. 


a. Table 8-D-1 may be helpful in troubleshooting various ohms malfunctions. The table gives 
various gain and reference resistor connections for all the ohms ranges. 


b. 1 K range to 10 K range inoperative: Check for the correct operation of A10Q13. 
c. 100 K range to 10 M range inoperative: Check for the correct operation A10Q14. 


d. 2 wire ohms and 4 wire ohms not zeroing properly and the reading changes 100 counts when the 
3455A is tapped: Check for a dirty front/rear switch. 


e. 10 K and 10 M ranges read low: Check A10Q27, Q22, or U3. 


8-D-9. Ohms Offsets. 


8-D-10. The following information may be helpful in isolating ohms offsets. Again, make sure the 
3455A works correctly in dc. 


a. If there is a 150 counts to 200 counts offset on the 1 K ohm range, check A10K9. This relay 
should only be closed when the reference resistor is measured. If the 1 K ohm reading is low K9 may 
always be open. If the reading is high, K9 may be shorted. 


Table 8-D-1. Ohms Gain and Switch Configuration. 


Range Ref Ref Unk Res V Unk Relays Unk Res 
in K Ohms _ | Res Gain Gain se (fs) Closed for V L 


fs: denotes full-scale 2 Wire Ohm: K2, K4 Closed 
VL: denotes Voltage Limited 4 Wire Ohm: K3 Closed 


b. A quick offset check: Short either Al0R59 or R61 and observe the reading of the 3455A. If the 
offset disappears with R59 shorted, A10Q13 and its associated circuitry may be leaky or defective. If 
the offset disappears with R61 shorted, A10Q14 and its associated circuitry may be leaky or defec- 
tive. 


c. If there is an offset on the 100 K ohm range, remove the blue wire connected to A10RS9. If the 
offset disappears, Q13 may be leaky. 
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8-D-11. Ohms Noise (Schematic 1, 4). 


8-D-12. To prevent possible damage to sensitive components being measured, the ohms current 
source of the 3455A is limited to 5 V. Lower currents are used to keep this voltage low. Because of the 
small currents, the ohms section of the instrument may be susceptible to noise. 


8-D-13. Before troubleshooting for any ohms noise, make sure the dc noise level is good. Check for 
noise on all dc ranges of the 3455A. If the dc operation is good, troubleshoot for ohms noise. A few 
troubleshooting hints for servicing ohms noise are given below: 


a. Excessive noise on all ranges: Check for a 19 V dc voltages across A12C1. If the voltage is low 
by .5 V, Al2T1 or A10T1 may be at fault. 


b. Readings decrease on each successive sample and then suddenly jump back, with the procedure 
repeating. The case of Al0R63 may be touching the case of Q37. 


c. Noise on the .1, 1, and 10 ranges: Al0K9 may be defective. 


d. Possible noise on the 100, 1 K, and 10 K ranges with very high readings at 1/10 scale: Al2CR7 
may be defective. 


e. 1/10 scale reading on the 100 K range is noisy and low: Check for oscillation at A10TP4. This 
can be accomplished by setting the 3455A to the ohms function. The instrument should be on the 100 
K range, with Auto-Cal off, and placed in Hold/Manual. TP4 should be monitored with an 
oscilloscope. Press the HOLD/MANUAL button and observe for any oscillation at TP4. If any 
oscillation is noted, try changing Al10C4 to .0068 »F (part number 0160-0159) and A10R11 to 1.3 K 
(part number 0757-0426). 


f. Noisy at 1 M and/or 10 M ranges: Push all wiring away from the ohms board and all input 
wiring away from the top guard cover. place the red wire, connected between the front/rear switch 
and the A10 board, next to the guard sheet metal. All wires should be kept away from transformers 
and transistors. 


g. 10 M range very noisy: Make sure the 50/60 Hz switch is in the correct position. 


h. Noise on the 1 K range: If noise shows up on older instruments, make sure on 18 guage teflon 
coated wire is installed in the instrument. The wire should be connected between pin E of Al0J3 and 
the cardinal ground terminal located between K7 and K9. The wire may reduce noise on the 1 K ohms 
range as well as the 1 V ac and dc ranges. 


i. Noise in ohms function: To reduce external noise in ohms function, shielded cables are very 
useful. When measuring resistance in the 2 wire and 4 wire ohms function, connect the resistor to the 
3455A with one or more shielded cables. The shields should be connected to each low terminal. Most 
noise, associated with external body capacitance, should be shunted to ground rather than through 
the measuring instrumentation. The cables should not be reversed (the shields connected to the high 
terminals and the center conductor connected to the low terminals), or no shielded cables should be 
used. No shielded cables or reversed cables may cause excessive noise in ohms. 
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8-E-1. A/D CONVERTOR AND INGUARD LOGIC TROUBLESHOOTING. 

8-E-2. A/D Convertor Servicing (Schematic 6, 7). 

8-E-3. Before troubleshooting the A/D circuits make sure the outguard section of the 3455A is 
operating correctly. Use the half-splitting method of paragraph 8-195. The following procedures may 


be used to check the correct operation of the A/D circuits. 


a. Turn the 3455A off, and disconnect the Al10W1 Inguard/Outguard Cable assembly from the 
outguard connector (A1J7). 


b. Remove the analog test jumper (from A10U27 pin 10), and connect test point Al1OTP9 to 
ground. 


c. Apply -10 V dc to the input terminals of the 3455A and turn the instrument on. 


d. With an oscilloscope measure the waveform at Al1OTP1. The waveform should look like 
top waveform in Figure 8-E-1. 


e. The correct waveform at TP1 generally indicates correct A/D operation. If, however, the A/D 
waveform is good and the A/D circuit is still inoperative, go to paragraph 8-E-7 for troubleshooting. 


j}¢——16.7 ms——_> 
Signal at A14 TP1 (A/D Waveform). 

SVN. 
OV. 

Signal at A14 pin 5 (zero detect signal). 
5 V. 
OW 

Signal at A14 pin 14 (.2 V detect signal). 
5 V. 
Ov 


Signal at A14 pin 15 (10 V detect signal). 


Note: The Signals are a Negative 10 V Input with 3455A set to 60 Hz Operation. 


Figure 8-E-1. A/D Waveforms. 
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f. For no A/D waveform at TP1, go to paragraph 8-E-4 for troubleshooting. For an incorrect 
& waveform go to paragraph 8-E-6. 


8-E-4. No A/D Waveform. 


8-E-5. Since the A/D waveform is dependent on various circuits in the 3455A (input, main amplifier, 
etc.), isolation of these circuits is necessary. The method used is simply a signal tracing method with 
limited operational checks. 


a. Set up the 3455A using the procedure of paragraph 8-E-3a, b, and c. 


b. Measure the voltage at the multiplex node (sources of A10Q1, Q2, Q3, and Q4). If the voltage is 
not -10 V dc, the input circuit may be inoperative. The multiplex node may also be loaded down by 
one or more FETs. 


c. Measure for a -10 V dc voltage at A1OTP4. If the voltage is incorrect, troubleshoot the main 
amplifier circuit. Make sure A10Q19 is turned on. 


d. Measure the instrument’s reference voltages. A1OTP8 should be + 10 V + 100 pV and TP7 
should be -10 V + 20 mV. If the reference voltages are incorrect, troubleshoot the reference assembly 
(A11 or A20) and/or U7. The reference voltages are used on the A/D board and should be correct for 
proper A/D operation. 


e. Short across capacitor Al4C2 and measure the voltage at Al4TP1. The voltage should be ap- 
proximately zero. If there are any great offsets, troubleshoot A14U3 and associated circuits. If the 
voltage at TP1 is good, remove the short from C2 and continue with this procedure. 


f. Short Al4TP1 to ground and measure the 0 detect, 10 V detect, and .2 V detect levels. The table 
below gives the correct detect levels. Remove the short from TP1 and apply -10 V to TP1. Measure 
& the levels of the 0 detect, 10 V detect, and .2 V detect. See the table below for the correct levels. 


A14TP1 Shorted 


A14TP1 at-10 V 


O Detect Level 
10 V Detect Level 
.2 V Detect Level 


5V 
OV 


I 


I 


If the levels in the table are incorrect, troubleshoot Al4U4, 5, 6 and their associated circuits. 


g. Other circuits on the A/D board may affect A/D operation. These circuits are the input circuits 
and diode array #1 and #2 and their associated circuits. Also make sure A14Q3, Q4, and their 
associated circuits are operating correctly. If these circuits appear to be working correctly, the in- 
guard logic may be at fault. Go to paragraph 8-E-10 for further troubleshooting. 


8-E-6. Incorrect A/D Waveform. 


a. Check for a leaky Al4C2, Q5, U3, or US and associated circuits. Circuits past U4 may 
also be defective. 


b. Circuitry preceeding the integrator may also cause an incorrect A/D waveform. Make sure 
A14Q2, Q4, and their associated circuits are operating correctly. 


c. Check for correct operation of the detect circuitry. Paragraph 8-E-Sf may be helpful in 
troubleshooting these circuits. 


8-E-7. Correct A/D Waveform. 


@ a. If the A/D waveform is correct and the A/D board is still inoperative, check the zero detect cir- 
cuit. Make sure the zero detect signal is stable with the correct voltage levels (approximately 0 V or 5 
V). 
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b. If the 0 detect signal of older instruments is unstable, modify the instrument in the following 
way: 


1. Change A14R44 from a 10 M ohm resistor to a 2 M ohm resistor (part number 0683-2055). 


2. Change A12R7, R8, R16, and R17 from 4.99 K to 10 K ohm (part number 0757-0442). 


c. Check for the correct operation of Al4US5 and its associated circuitry. Since US-and its 
associated circuitry is an absolute amplitifer, the output of the amplifier (emitter of U6) should be the 
same as the signal at TP1. Therefore, pins 14 and 15 of the Al4 board should also show the absolute 
value of the signal at TP1. The correct signals for a -10 V input to the 3455A are shown in Figure 
8-E-1. If the signals at A1l4P1 pins 14, 15, and S are incorrect, troubleshoot the detect circuits. 


d. Make sure any oxidation layers have not formed on the pins of the Al4 board. The pins can be 
cleaned with a soft lead eraser. 


8-E-8. A/D Noise (Schematic 6). 


8-E-9. A/D noise will usually show up in all ranges and all functions of the 3455A. Two circuits to 
check for noise on the A/D board are the integrator and the input circuits. 


a. Check for a noisy Al4Q5 or U3. Make sure there are not oscillations present at TP1. 


b. Check for a stable zero detect signal at Al14U6 pin 1. If the signal is unstable, U4 or U6 may be 
noisy. 


c. Check for a noisy Al4Q3. 
8-E-10. Inguard Logic Troubleshooting (Schematic 7). 


8-E-11. Before troubleshooting the inguard logic make sure the outguard logic is operating correctly. 
Use the half-splitting technique of paragraph 8-195. 


a. Check the back gate bias voltage (B.G.) of the processor (A10U26 pin 387). The voltage should 
be within + .25 V of the voltage marked on the processor. If the voltage is incorrect, check for the 
correct value of pad resistor A10R105 (pad list in parts list). If the pad resistor is the correct value and 
the bias voltage is incorrect, replace the processor. 


8-E-12. Inguard Logic Troubleshooting with no A/D Waveform. 


a. The signals at A10U26 pins 34 to 37 should be the same as those on A3TP4 to TP1. The only ex- 
ception is the signal at A10U28 pin 9. If the signals do not agree, check for malfunctions in the in- 
guard light isolators, Al0U34 and U35, plus their associated circuits. Line F@ and F1 transfer data 
from outguard to inguard (F@ is the data transfer line and F1 is the data transfer rate line). 


b. If pin 9 of A10U28 is different than pin 37 of U26 and the HAZ line (pin 1 of U27) is low, the 
pulse transformer and/or associated circuits may be defective. This interrupt circuit can be checked 
by manually clocking A10TP10, and can be achieved by pulling TP10 low and then releasing it. If no 
toggling is taking place, troubleshoot the interrupt circuit consisting of A10U32A and U27. If there is 
toggling, check T2 or the outguard section (A1). 


c. The interrupt request lines at pin 29 of A10U26 must be high. Troubleshoot the interrupt cir- 
cuitry if necessary. 


d. Data lines D@ to D7 (pin 18 to 35 of U26) and program address lines (PA® to PA7 pins | to 8 of 
U26) should have voltage levels from approximately zero to approximately + 4.5 V. Check for any 
circuits causing these lines to be loaded down. It is possible and normal to observe sharp peaks of 3 V 
to 3.5 V on some lines of U26. These peaks are present when the line is in a tri-state mode. This is a 
possible and normal operation. 
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Table 8-E-1. Mnemonic Definitions. 


PEE: IN 
Poliarity | 
Indicator Specific Line 


(H = High True Indicator 
L = Low True) 

Function 

Indicator 


[Mneumonie | Definitions 


High True AC (AC Enable) 

High True Auto Cal 1(100 V, 1 kV Auto-Cal Constant [Cal Constant 4, 5, 6, 7]) 
High True Auto Cal 2 

High True Analog DC 1 (.1 V, 1 V, 10 V Range and Ohms) 

High True Analog DC 2 (100 V, 1 kV Range) 

High True Analog DC 3 (1 k V Range) 


High True A/D Zero (Enables or Resets A/D) 

High True Input Ohms 1 (2 Wire Ohms Enable) 

High True Input Ohms 2 (Connects 4 Wire and Current Source) 
High True Input Ohms 3 (Ohms Ref Low Measurement) 

High True Input Ohms 4 (1 K Reference Resistor Select [with HIO5]) 
High True Input Ohms 5 (.7 WA Current Source Select) 

High True Input Ohms 6 (Ohms Current Source Enable) 


High Measure AC 1 (Output from AC Converter Measured) 

High True Measure Constant 1 (Measures Ohms, .1 V and 1 V Offsets [Cal 
Constant 2, 3, 8, 9, 11]) 

High True Measure Constant 2 (Measures 10 V Gain [Cal Constant 10]) 

High True Measure Constant 3 (1 kV Range Enable [Cal Constant O, 1, 6]) 

High True Measure Constant 4 (Measures 1 V Gain [Cal Constant 0O]) 

High True Measure DC 1 (100 V Range) 

High True Measure DC 2 (.1 V 1 V, 10 V Range and Measure & Unk) 


High True Measure Ohms 1 (Measure Ohms Ref, Range 100 K, 1 M, 10 M) 
High True Measure Ohms 2 (Measure Ohms Ref, Range .1 K, 1 K 10 K) 
High True Pre-Amp DC 1 (x 20 and x 100 Gain) 

High True Pre-Amp DC 2 (x 1 Gain) 

High True Pre-Amp DC 3 (x 10 Gain) 

High True Pre-Amp Output (x 2 and x 20 Gain) 

High True Positive Rundown Fast (For Negative Input Voltage) 

High True Positive Rundown Slow (For Negative Input Voltage) 


High True Range 12 (Sets AC Converter Range 1, 10) 

High True Range 24 (Sets AC Contertor Range 10, 100) 

High True Range 34 (Sets AC Converter Range 100, 1000) 

Low True AC Fast (AC Fast Enable) 

Low True Auto Cal 3 (100 V, 1 kV Auto-Cal Constants [Cal Constant 4, 5, 6, 
7)) 

Low True Auto-Cal (1 kV Range and 1 ku, 1 V Offset [Cal Constant 1, 6]) 

Low True Negative Rundown Fast (For A/D Positive Input Voltage) 

Low True Negative Rundown Slow (For A/D Positive Input Voltage) 

Low True Voltage Input (Enables A/D Input) 


e. The clear line of A10U15 pin 1 should have an approximately +5 V level. Troubleshoot U9, 
U19, and their associated circuits. 


8-71 


Section VIII SERVICE GROUP E Model 3455A 


8-72 


f. Check for a clock signal at A10U15 pin 9. If the signal appears to be good, the processor (U26) 
and/or the ROM (U25) may be defective. If the clock signal is missing, check for 500 nano second 
pulses at the device select lines of U26 (pins 12 to 15). If the pulses are good, U14 may be at fault. 
8-E-13. Inguard Logic Troubleshooting with an A/D Waveform. 

a. Check the light isolators and associated circuits as explained in paragraph 8-E-12a. 


b. Check for a defective A10U26. 


c. Check for an open A10CR41 and CR42. These diodes may cause glitches on U26 pin 29, causing 
the processor to be interrupted continuously. 
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S SERVICE GROUP F 


8-F-1. OUTGUARD LOGIC TROUBLESHOOTING (SCHEMATIC 8, 9, 10). 


8-F-2. Outguard logic troubleshooting should be done using the Signature Analysis Routines (SA) in 
Figures 8-H-20 to 8-H-27. If any incorrect signatures are observed, the following checks may be 
helpful. 


a. If any incorrect signatures are observed check for a 1 wF capacitor across AlU49. Install one if 
missing (part number 0180-0291). The capacitor should be installed to the underside of the Al 
motherboard, with the + terminal to pin 14 of U49 and the - terminal to pin 7 of U49. 


b. If no stable signature can be located and the A3 board has been replaced, check the IC signals. 
Make sure they are toggling with good logic highs and lows (approximately 4 V peak to peak). 


c. Check for the waveform shown below at the junction of A1C29 and R42. If this signal is miss- 
ing, C29 may be defective. U48 may also cause the missing signal. 


ON a Bae aa a a ep cee eS a pe 


Pa a a a 
\¢—= |.4 msec—> 
0 V.— 


8-F-3. Main Controller Troubleshooting (Schematic 8). 


a. Data lines D@ to D7 (pins 18 to 25 of U3U9) and program address lines PA@ to PA9 (pins | to 8 
& of U9) should have voltage levels approximately + 4.5 V peak to peak. Check for any circuits that 
may cause loading. 


b. Sharp peaks of 3 V to 3.5 V may be observed on some lines of the processor (A3U9). This is 
normal. The peaks are present when the processor is in a tri state mode. 


c. Check the back gate bias voltage (G.B.) of the outguard processor (A3U9). If the voltage is dif- 
ferent from the voltage marked on the processor (by + .35 V) check for the correct value of the pad- 
ding resistor A3R3. If R3 is the correct value and the bias is incorrect, replace the A3 board. The cor- 
rect value of R3 is listed in the following table. 


-hp- Part No. 


0698-3155 
0698-4436 
0698-0083 
0757-0280 
0698-3700 


8-F-4. Front Panel Troubleshooting. 
8-F-5. Front Panel Operation Check. 


a. Turn the 3455A off. Place the instrument in the SA mode by disconnecting the test jumper on 
the A3 board and disconnect the plug from A1J7. 


b. Turn the 3455A on. Half of the instruments from panel LEDs should alternately turn on and 
off with the other half. 


& c. At the time the instrument is turned on and half the front panel LEDs turn on, a 0 should be in- 
dicated on the left side of the display. The 0 should move one position to the right each time the LEDs 
change. When the 0 reaches the far right of the display, a .0 wiil start at the left and move to the right. 
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d. The same operation takes place for 1, .1, 2, .2, 3, .3, after the .0 has moved to the far right of 
the display. If any of the LEDs do not light, replace them or troubleshoot their drive circuits. If some 
numbers of the display are bad, troubleshoot the display and associated drive circuits. 


8-F-6. Front Panel Servicing (Schematic 10). 
a. If the display blanks out any zeroes, try replacing AlU62. 


b. The proper operation of the front panel buttons can be checked by monitoring A1U57 pin 14. 
The level at pin 14 should go low (TTL) low, any time a front panel button is pressed. If this is not 
observed, try replacing U57. 


c. If the front panel buttons do not operate, check for a high level (TTL high) at AlJ8 pins 2 and 
3. A high level at any of these pins will disable some of the front panel buttons. Check for the correct 
operation of Al1U51, USO, or US3. 


d. If the front panel has a sticky switch, try the following: With a low temperature soldering iron, 
heat the solder connection of the LED within the switch. While the solder is warm, push the button in 
and out several times. This should straighten out the LED and relieve any pressure on the switch. 


e. If the procedure in the precendent paragraph does not relieve sticky switches, change LEDs 
A2CRS5 to CR11, CR19 to CR22, and CR24 to CR35 from -hp- part number 0990-0547 to -hp- part 
number 1990-0665. These changes should be made for instruments with serial number 1622A01336 
and below. A procedure for changing or replacing LED’s are in paragraph 8-F-7. 

f. A modification to reduce key bounce is as follows: Change Al1U57 from a 9318 to 98L18 (part 
number: 1820-0987), A2R17 and R18 from a 2.2 K ohm resistor pak to a 10 K ohm resistor pak (part 
number: 1810-0206). This change should be made for instruments with serial number 1622A00906 
and below. 

NOTE 
Switch bounce can ‘be observed by pressing the ENTER Z button and 
then pressing the MATH OFF button only once. If two 2’s are displayed, 
the 3455A has key bounce. 


g. For all other front panel malfunctions use Troubleshooting Diagram 8-H-26. 


8-F-7. Front Panel LED's Switch, and Key Cap Replacement Procedure. 
a. Removal Procedure. 
1. Remove front frame which is held by 8 screws. 
2. Disconnect two connectors between front panel and left side of instrument. 
3. Remove front panel and ON/OFF switch. 


4. Remove 11 screws holding Display/Switch board to front panel and remove Display/- 
Switch (D/S) board. 


5. Pull key cap off switch body. 


6. With knife or punch, cut off or punch through the red switch body mounting studs (clean 
excess plastic off to prepare holes for new switch). 


7. Hold display board upside down with key facing down and heat LED terminals to let bad 
LED fall out. 


8. Suck out solder holes to prepare for new LED. 
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e b. Replacement Procedure. 


1. Mount the switch body on the D/S board and be sure the body is aligned with the other 
switches (NOTE: very important as the switch may bind if it is not straight). 


2. Using a medium temperature, broad, tip soldering iron or woodburning tool, carefully 
melt the plastic studs down into a little dome to secure the switch body. 


3. Insert LED with shorter leg toward top of board. Make sure LED is flush with the board. 
4. Replace key cap. 


5. Depress key all the way to seat LED in place, and then solder LED using a minimum of 
solder. 


6. Hold D/S board so keys point up and reheat LED terminals to allow solder to flow away 
from switch. 


7. Depress key several times to make sure key does not stick. if it sticks, repeat (6). 
8. Remount D/S board on front panel frame. 
9. Plug both connectors back into main board. 


10. Remount front panel to chassis. 


11. Replace ON/OFF switch. 


eS NOTE 


Remember to try steps (6) and (7) of ‘‘Replace’’ before replacing switch; 
it could save time. It is important to use a low or medium temperature tip 
soldering iron, as exposure to 500°F for over 3 seconds could damage the 
LEDs. 


8-F-8. HP-IB Troubleshooting (Schematic 9). 


8-D-9. Before troubleshooting the HP-IB section of the 3455A, verify that the 3455A is malfunction- 
ing and make sure the ‘‘problem’’ is not due to-external programming (see Section III of this 
manual). 


a. If incorrect data is sent over the HP-IB lines, make sure the data is different than what is 
displayed on the front panel. If the data is the same, the instrument’s HP-IB Section is not at fault. 


b. Check for a bad connection between the instrument’s HP-IB connector (J3) and the connector 
of the HP-IB cable. Clean both connectors, if necessary. Use a good freon based contact cleaner. 
Also, make sure the HP-IB cable external to the instrument is good. 


c. Use the HP-IB SA Troubleshooting Diagram (Figure 8-H-27) for most of the HP-IB Section of 
the 3455A. SA can check most of this section, except for the HP-IB lines themselves. Use the 59401A 
Bus System Analyzer for these lines. 


d. Check decoders A1U19, U20, or U11. 
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SERVICE GROUP G 


8-G-1. MISCELLANEOUS TROUBLESHOOTING. 
8-G-2. Power Supplies (Schematic 11). 


a. In many of the 3455A’s power supplies, the voltage reference of one supply is the output of 


another. This arrangement ties the voltages of the two supplies together. A shift in one supply is 
reflected in the other supply. 


b. To isolate dependent supply circuits, the reference supplies should be separate from each other 
and from the circuits they supply. The following steps may be used. 


1. Use external supplies to provide a reference to dependent supplies. 

2. Use external supplies to drive circuits in place of internal supplies. 
c. Following are some voltages of the inguard power supplies. 

1. Main power supply voltages. 


A1OTP11: +9 Vto +11 V 
A10TP12: +19.5 V to +23.5 V 
AI10TP13: -19.5 V to -23.5 V 
A10TP14: +38 Vto +44 V 
AI0TP15: -38 V to -44 V 


A10TP +9: +8.1 V to +9.9 V (Inguard processor must be installed). 


2. Ohms supply voltages 


A10T1 pins 1 and 3: 10 V rms (20 V peak to peak) square wave. 
A10T1 and Al2T1 connection: .2 V rms (.25 V open circuit) square wave. 
A12T1 pins 1 and 3: 40 V rms (80 V peak to peak) square wave. 


3. Allowable noise on the ohms supply as measured with a true rms voltmeter. 


+ 6.2 V supply: 30 pV noise 
-6.2 V supply: 60 nV noise 


d. If the fuse of the 3455A keeps opening, check the Al0 board power supply breakdown diodes 
(A10CR64, 66, etc.). Also, make sure the 3455A has been switched to the correct line voltage. 


e. Table 8-G-1 lists the various components and assemblies which uses the individual power sup- 


plies. This table may be useful if a power supply is loaded down by a defective component or 
assembly. 


Table 8-G-1. Power Supplies Locations. 


U1 to U35 (Integrated Circuits and OP Amps) 
No B14 35 16 1% 38 19 21. 22 23 26 25: 26 oF 28 2 8k 32 33 OM OS 


Power 
Supplies 


i 2 4 5 6 7 8 9 


Assemblies Transistors (Q) 
A/D Ref AC 25 41 46 


' : | x 

; | | x | | 
ey 2 x 2 [x Xo] mae | 
+9Vv_ | =x | | 
+5V ae a a ee a i ee a ee ae ee ae ee ee a i a ee | xT a a | 
24v_ [x a ae Ray x [x | | 
-15V x x x x | 

2v_/ x 


8-G-3. Reference Assembly (Schematic 5). 


a. The reference assembly of the 3455A is on the exchange program and should be returned to the 
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nearest -hp- Service Office, if inoperative. The only checks that can be made are the following. ee 


1. If the reading on the display jumps 10 or 100 counts when adjusting any adjustments on 
the reference assembly, the wiper of the pot may be dirty. Work the adjustment screw of pot 
back and forth to clean the wiper. 


2. Make sure an oxidation layer has not formed on any pins of the assembly printed circuit 
board. The pins can be cleaned with a soft lead eraser. 


3. Typically, the maximum noise allowed on the reference voltages (use a DVM with input Z 
> 1010) are 20 uV for the +10 V reference and 30 »V for the -10 V reference. Replace the 
assembly if excessive noise is present. 


4. The +10 V reference voltage at A10TP8 should be adjustable to +10 V + 100 pV and 
the -10 V to -10 V +20 mV. Replace the assembly if both the + 10 V and -10 V are not ad- 
justable. Replace A10U7 if only the -10 V reference is incorrect. 


8-G-4. Turn-Over Errors (Schematic 1, 5, and 6). 
8-G-5. Turn-over errors are present when, for example, a positive input reading is good and the 
negative input reading is out of tolerance. This can be checked by taking a positive reading and then 


reversing the input leads. The following are a few turn-over checks and hints. 


a. When checking for turn-over errors, the 10 V range and zero offsets should be the first things to 
check. 


b. Check the A/D converter (A14) if turn-over differences are observed. Replace, if necessary. 

c. Turn-over errors on all ranges: Unsolder CR1 and CR2 from the A10 board. If the error disap- 
pears, CR1 and/or CR2 may be leaky. Make sure the + 10 V and -10 V references are good (A10TP8 Cd 
should be +10 V + 100 nV and A10 TP7 should be -10 V + 20 mV). 


d. Turn-over differences on the 10 V range: Check A10U1, U2, Q7, or QI8. Other possible causes 
may be K1, Al, Q2, Q4, Q19, and their associated circuits. 


e. Turn-over errors on the top three ranges: Check A10K6 and Q1S5. 


f. Turn-over differences on the 100 V and 1000 V ranges: Lift A10Q9 and CR29. If the error 
disappears, CR31 and/or CR29 may be leaky. Do the same with CR16 and CR17. Q8 may also be 
defective. 


g. The FETs connected to A10TP2 may cause turn-over errors, if leaky. Q40 may also be leaky. 


h. If the negative readings are good and all positive readings above 20 V are unstable on the 100 V 
range, check A10Q36. 


8-G-6. Other Troubleshooting (Schematic 8 and 11). 


a. If the instrument fails to sample in the dc volt, high resolution mode and the ac volt normal 
resolution mode, check A1C29 or U48. 


b. If the HP-IB operation is intermittent with the instrument’s LED’s dim, make sure the 50/60 
Hz switch is in the correct position. 


c. If the fan refuses to spin after repeated turn-ons, change AIR15, 19, and 24 from 11.8 kQ to 
13.3 kQ (0757-0289). This change should not be made on operating fan circuits. 


d. A good fan measures approximately 30 1) between the brown and yellow wires of the fan. A & 
defective fan will usually measure between 10 2 and 15 2. 
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SERVICE GROUP H 


8-H-1. TROUBLESHOOTING DIAGRAMS. 


8-H-2. The following diagrams in this service group may be used to troubleshoot the 3455A in place 
of the other service groups. These diagrams are separated into three groups. The first group is a 
General Troubleshooting Diagram which can be used to isolate the two main sections of the instru- 
ment (Inguard and Outguard). The second group deals with the Inguard section and the third group 
can be used for Outguard Troubleshooting. 


8-H-3. General Troubleshooting Diagram. 


8-H-4. The General Troubleshooting Diagram (Figure 8-H-2) may be used in place of the Half- 
Splitting Technique of paragraph 8-196. Since this method is not as complete as the Half-Splitting 
Technique, use it only if an extra 3455A or if an Inguard/Outguard Service Cable is not available. 


8-H-5. Inguard Troubleshooting Diagram. 


8-H-6. Diagrams 8-H-3 thru 8-H-19 in this group can be used to troubleshoot the Inguard section of 
the 3455A. A troubleshooting procedure for the Inguard/Outguard Transfer Circuitry is also includ- 
ed. 


TP8: 
+10 V 


SER. NO. 1622400410 


je eum TP3 TP6 Reference 
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TP7: 
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Reference 
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c3l 

c 

~ 
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~CR59- 
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C53. 


ge —RIOI— 


03455-66510 (Refer To Figure 8-10) 
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PLUG-IN THRU 
REAR OF INSTRUMENT 


10V 10:1 IMQ 1k Turn Instrument ON. Press 
OoO0O00 All The Front Panel TEST 


Button. 


—— 


Proper Operation Of The TEST 
Function Is Indicated By The 
Front Panel Going Blank For A 
Few Seconds And Then All Front 
Panel Enunciators (Except REAR 
TERMINAL) Being Lit And A 
Display of + 8888888 With All 
Decimals Lit Or If A Failure Is 
Detected By The TEST Routine, 
A Number, From @ To 13 Will Be 
Displayed. 


Does 
The Instrument 
Enter The TEST 
Function 


NO 


Turn The Instrument OFF. 
Disconnect The Test 
Jumper On the A3 Assem- 


IsA 
Failure Code 


. Leg NO Displayed? bly And The Connector 
& AlI3— (A Number From From A1J7. Turn The 
(OPT 001) 9 To 13) Instrument ON. 
A Failure Code Indicates That One Or 


The Proper Operation Of The 
. ts | 
TEST Function Indicates That More Of The Auto-Cal Constants Is Out 


The Majority Of The Inguard And of Tost Linn Proper Operation Of The Out- 
guard Test Routine Is Indicated 
By A Number or Character Being 
Strobed Across The Display And 
The Enunciators Being Alter- 
nately Lit. 


Outguard Logic Is Functioning 
Properly. The TEST Function 
Does Not Check The Following 
Circuits: AAC Converter, Ohms 
Converter, Front Panel Switching, 
HP-IB_ Interface, And Some Of 
The Input Switching Circuits On 
The A10 Assembly. Refer To The 
e9 HP-IB Section Of The Outguard 
Troubleshooting Procedure For 
HP-IB Problems. Refer To The 


Record Number Displayed 


Press The TEST Button 


NO 


The Instrument 


YES 


AlO 
ii Schematics And Theory of Opera- see aaa co 
ey e Troubleshooting The Go To Outguard Trouble- Go To Inguard/Outguard 
TEST LD «H ther Gircurtryia shooting Section Or Ap- Transfer Circuitry Trouble- 
JUMPER : ; : : 
Does propriate Service’ Group shooting Procedure Figure 


Al4TPI 
8-H-17 Or Appropriate 


Service Group (See Para- 
graph 8-198). 


(See Paragraph 8-198). 


The Display 
Read + 8888888 
? 


3455 -B-II 


3455 -B-23 
The Numbers Recorded Indicate 
Which Tests Have Failed. Use The 
ee Front Panel TEST Troubleshoot- 
ing Information Portion Of The 
Inguard Troubleshooting Section, 
Along With The Schematizs To 
Troubleshoot The Inguard 
Switching. 


Figure 8-H-1. Assembly and Test Point Locations. 
Figure 8-H-2. General Troubleshooting Procedure Diagram. 
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r@ 


Turn The Instrument Off. 
Remove The A14 Assem- 
bly. Disconnect The Brown 
Test Jumper On The A3 
Assembly. Disconnect The 
Brown Test Jumper Lo- 
cated Between A10U27 
And U28. Use A Clip Lead 
To Short A10J2 Pin 14 To 
Inguard Ground. Turn The 
Instrument ON. 


Measure The Switch Drive 
Signals On A10U15, Pins 
2,5,7,10,12 And 15. 


Replace Or Troubleshoot 
The A/D Converter {A14 
Assembly). The Problem Is 
Most Likely In The Switch- 
ing Circuits (A14U1, U2, 
Q3, Q4 And Associated 
Components. 


The Signal 
Levels > 4 V 
Peak-To-Peak 


Is 
The Device 
Select Signal 
At A10U15 
Ping >4V 
Peak-To-Peak? 


Troubleshoot The Inguard 
Logic Circuit (A10U15, 
U22, U26 And Associated 
Components.) 


Troubleshoot The Device 
Select Circuit (A10U14, 
U26 And Associated Com- 
ponents). 


3455 -B-| 


Figure 8-H-3. Inguard Troubleshooting Procedure Diagram, 


Auto-Cal Circuitry TEST 13. 
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i @ 


Turn The Instrument OFF. 
Remove The A14 Assem- 
bly. Disconnect The Brown 
Test Jumper On The A3 
Assembly. Disconnect The 
Brown Test Jumper Lo- 
cated Between A10U27 
And U28. Use A Clip Lead 
To Short A10J2 Pin 14 To 
Inguard Ground. Turn The 
Instrument ON. 


Use An Oscilloscope To 
Measure the Switch Drive 
Signals On Pins 2, 5, 7, 
10, 12 and 15 Of A10U15. 


Is 
The Device 
Select Signal At 
A10U15 Pin 9 
> 4 V Peak-To- 
Peak? 


Are 
The Signals 
> 4 V Peak-To- 
Peak? 


Troubleshoot The Device 


NO INO Select Circuit (A10U14, 


U26 And Associated Com- 
ponents). 


YES 
YES 


Troubleshoot The Inguard 
Logic Circuit (A10U15, 
U22, U26 And Associated 
Components). 


Use A DVM To Measure 
The + 10 V Reference At 
A10TP8 And The - 10 V 
Reference At A10TP7. 


Are 
The Voltages 
At A10TP7 and 
TP8 10 volts 
+ 01 V? 


Troubleshoot The Refer- 

NO ence Circuits (A11 Assem- 
bly, A10U7 And Associ- 
ated Components). 


YES 


Replace Or Troubleshoot 
The A/D Converter (A14 
Assembly). The Problem Is 


Most Likely In The Switch- 
ing Circuits (A14U1, U2, 
Q3, Q4 And Associated 
Components). 
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Figure 8-H-4. Inguard Troubleshooting Procedure Diagram, 
Auto-Cal Circuitry TEST 12. 
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With A Display Reading Of 
“11" (Test 11° Failure), 


Measure The Switch Drive 
Voltage On Pin 13 Of 
A10U8. 


Is 
The Drive 
Voltage Approx. 
@ V de? 


YES 


NO 


Is 

The Driver 

Input Voltage 

At Pin 11 Of 

A10U8 > 4 V de 
? 


YES 


NO 


Is 
The Device 
Select Signal At 
Pin 9 Of A10U12 
> 4 V Peak-to- 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U12, 


U14, U26 And Associated 
Components). 


Is 
The Gate Bias 
Voltage At 
A10TP3 Approx. 
@ V de? 


NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5 And Associ- 
ated Components). 


Troubleshoot The Logic 
Circuit (A10U12, U22, 
U26 And Associated Com- 
ponents) . 


Check A10U8 And Associ- 


ated Components. 


Is 
The Switch Drive 
Voltage At Pin 13 

Of A10U5 Approx. 

@ V dc? 


YE Check Switching FET’s 


ated Components. 


NO 


Is 
The Gate Bias 
Voltage At A10TP3 
Approx.@ V dc? 


Is 
The Driver Input 
Voltage At Pin 11 

Of A10U5 > 1.22 V 

de ? 


YES 


NO NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 


(A10U1, Q5 And Associa- 
ted Components). 


Is 
The Device Select 
Signal At Pin 9 
Of A10U16 >4 V 
Peak-To-Peak 


Troubleshoot The Logic 


YES | Circuit (A10U16, U22, 


U26 And Associated Com- 
ponents). 


NO 


Troubleshoot The Device 
Select Circuit (A10U16, 


U14, U26 And Associated 
Components). 
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A1002, Q19 And Associ- 


YES 


Check A10U5 And Associ- 


ated Components. 


Figure 8-H-5. Inguard Troubleshooting Procedure Diagram, 
Auto-Cal Circuitry TEST 11. 
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With A Display Reading Of 
"10" (Test 10 Failure), 


Measure The Switch Drive 
Voltage On Pin 13 Of 
A10U6. 


Is 
The Drive 
Voltage Approx. 
+10 Vdc? 
(Ignore The 2 msec 
pulse) 


YES 


Is 
The Driver 


Is 
The Gate Bias 


Input Voltage At Voltage At Check A10U6 And Associ- 
Pin 11 Of A10U6 A10TP3 Approx. ated Components. 
>4V dc? +10 Vdc? 


Is 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5 And Associ- 
ated Components). 


Is 
The Device 
Select Signal At 
Pin 9 Of A10U16 
> 4 V Peak-To- 
Peak? 


Troubleshoot The Logic 
Circuit (A10U16, U22, 
U26 And Associated Com- 
ponents). 


Troubleshoot the Device 
Select Circuit (A10U16, 
U14, U26 And Associated 
Components). 


The Switch Drive 
Voltage At Pin 13 
Of A10U5 Approx. 
+10 V dc? 
(Ignore The 2 msec 
pulse) 


The Driver Input 

Voltage At Pin 11 

Of A10U5 > 4 Vdc 
? 


The Device Select 
Signal At Pin 9 Of 
A10U16 > 4 V Peak- 
To-Peak? 


YES Check Switching FET’s 
A1004, Q19 And Associ- 


ated Components. 


Is 
The Gate Bias 
Voltage At A10TP3 
Approx. + 10 V dc? 


YES 


NO NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 


(A10U1, Q5 And Associ- 
ated Components. 
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YES Check A10U5 And Associ- 


ated Components. 


Figure 8-H-6. Inguard Troubleshooting Procedure Diagram, 


Auto-Cal Circuitry TEST 10. 
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Start 


With A Diaplsy Reading Of 
“Q" (Test 9 Failure) Mea- 


sure The Switch Drive 
Voltage On Pin 13 Of 
A10U8. 


Is 
The Drive 
Voltage Approx. 
QV dc? 


YES 


NO 


Is 

The Driver Input 

Voltage At Pin 11 

Of A10U8 > 4 V de 
? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U12 >4 V 

Peak-To-Peak 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U12, 


U14, U26 And _ Associ- 
ated Components). 


Is 
The Gate Bias 
Voltage At A10TP3 
Approx. @ V dc 
? 


YES 


NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5, And Associ- 
ated Components). 


Troubleshoot The Logic 
Circuit (A10U12, U22, 
U26 And Associated Com- 
ponents). 


Check A10U8 And Associ- 


ated Components. 


Is 
The Switch Drive 
Voltage At Pin 1 Of 
A10U4 Approx. 
@ Vdc? 


YES 


NO 


Is 

The Driver Input 
Voltage At Pin 7 Of 
A10U4 > 4 Vdc 
? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U13 >4V 
Peak-To-Peak 
? 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U13, 


U14, U26 And Associa- 
ated Components). 


Is 
The Voltage 
At A10TP1 

Approx. @ V de 

? 


NO 


Troubleshoot The Attenu- 
ator Circuit (A10U18, O35 


Q37, Q38, Q39, Q40 And 
Associated Components). 


Troubleshoot The Logic 
Circuit (A10U13, U22, 
U26 And Associated Com- 
ponents). 


YES 


Check A10U4 And Associ- 


ated Components. 


The Switch Drive 
Voltage At Pin 2 Of 
A10U4 Approx. 
@ V dc? 


YES 


NO 


Is 
The Driver Input 
Voltage At Pin 5 Of 
A10U4 >4 Vdc 
? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U13 >4 V 
Peak-To-Peak 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U13, 


U14, U26 And Associated 
Components). 


Is 
The Voltage 
At A10TP6 
Approx. @ V dc 


? 


NO 


YES 


Troubleshoot The Feed- 
back Amplifier (A10U3, 


Q9g, Q11, Q25, Q26 And 
Associated Components). 


Troubleshoot The _ Logic 
Circuit (A10U13, U22, 
U26 And Associated Com- 
ponents). 


Check A10U4 And Associ- 
ated Components. 


Is 
The Switch Drive 
Voltage At Pin 2 Of 
A10U5 Approx. 
@ V de? 


YES 


NO 


Is 
The Driver Input 
Voltage At Pin 5 Of 
A10U5 > 4 V de 
? 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U16 >4 V 
Peak-To-Peak 
? 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U16, 


U14, U26 And Associ- 
ated Components). 


Is 
The Gate Bias 
Voltage At A10TP3 


Approx. @ V dc 
? 


NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5, And Associ- 
ated Components). 


Troubleshoot The Logic 
Circuit (A10U16, U22, 
U26 And Associated Com- 
ponents). 


Check A10U5 And Associ- 
ated Components. 


Is 
The Switch Drive 


Voltage At Pin 2 Of YES 
A10U6 Approx. 
@ V dc? 
NO 
Is 
The Driver Input YES 


Voltage At Pin 5 Of 
A10U6 > 4 Vdc 
? 


NO 


Is 
The Device Select 
Signal At Pin 9 Of YES 
A10U16>4V 
Peak-To-Peak 
? 


NO 


Troubleshoot The Device 
Select Circuit (A10U16, 


U14, U26 And Associ- 
ated Components). 


3455-D-5 


Check Switching FET’s 
A10Q2, Q18, Q22, Q27, 


Q28, Q32 And Associated 
Components. 


Is 
The Voltage At 

A10TP6 Approx. 
@ V dc? 


YES 


NO 


Troubleshoot The Feed- 
back Amplifier (A10U3, 
ag, Q11, Q25, Q26 And 
Associated Components). 


Troubleshoot The Logic 
Circuit (A10U16, U22, 
U26 And Associated Com- 
ponents). 


Check A10U6 And Associ- 


ated Components. 


Figure 8-H-7. Inguard Troubleshooting Procedure Diagram, 
Auto-Cal Circuitry TEST 9. 


8-91/8-92 


With A Display Reading Of 
“8" (Test 8 Failure), Mea- 


sure The Switch Drive 
Voltage On Pin 13 Of 
A10U8 


Is 
The Drive 
Voltage Approx. 
QV de? 


YES 


NO 


Is 
The Driver Input 
Voltage At Pin 11 


Of A10U8 > 4 V de 
? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U12 >4V 

Peak-To-Peak 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U12, 


U14, U26 And Associ- 
ated Components). 


Is 

The Gate Bias 
Voltage At A10TP3 
Approx.9 V de 
? 


YES 


NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5 And Associ- 
ated Components). 


Troubleshoot The Logic 
Circuit (A10U12, U22, 
U26 And Associated Com- 
ponents). 


Check A10U8 And Associ- 


ated Components. 


The Switch Drive 


Voltage At Pin 2 YES 
Of A10U4 Approx. 
QV dc? 
NO 
The Driver Input 
YES 


Voltage At Pin 5 
Of A10U4 >4 Vdc 
? 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U13 >4V 

Peak-To-Peak 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U13, 


U14, U26 And _ Associ- 
ated Components). 


Is 
The Voltage At 
A10TP6 Approx. 
Q V dc? 


NO 


Troubleshoot The Feed- 
back Amplifier (A10U3, 
Q9, Q11, Q25, Q26 And 
Associated Components). 


Troubleshoot The Logic 
Circuit (A10U13, U22, 
U26 And Associated Com- 
ponents). 


Check A10U4 And Associ- 


ated Components. 


The Switch Drive 
Voltage At Pin 14 
Of A10U5 Approx. 
@ V dc? 


YES 


NO 


Is 
The Driver Input 
Voltage At Pin 9 Of 


A10U5 > 4 Vdc 
rs 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U16 >4V 
Peak-To-Peak 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U16, 


U14, U26 And Associ- 
ated Components). 


Check Switching FET 


‘S 


A10Q2, Q21, Q22 And 


Associated Components. 


Is 
The Gate Bias 
Voltage At A10TP3 


Approx.@ Vdc 
? 


NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5 And Associ- 
ated Components). 


Troubleshoot The Logic 
Circuit (A10U16, U22, 
U26 And Associated Com- 
ponents). 
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YES 


Check A10U5 And Associ- 


ated Components. 


Figure 8-H-8. Inguard Troubleshooting Procedure Diagram, 
Auto-Cal Circuitry TEST 8. 


8-93/8-94 


Start 


With A Display Reading 
Of "7" (Test 7 Failure), 


Measure The Switch Drive 
Voltage On Pin 14 Of 
A10U4. 


Is 
The Drive 
Voltage Approx. 
@ V dc? 


YES 


NO 


Is 

The Driver 
Input Voltage At 
Pin 9 Of A10U4 
>4Vdc? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U13 >4 V 

Peak-To-Peak 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U13, 


U14, U26 And Associ- 
ated Components). 


Check A10U4 And Associ- 


ated Components. 


Troubleshoot The Logic 
Circuit (A10U13, U22, 


U26 And Associated Com- 
ponents). 


The Switch Drive 
Voltage At Pin 10 
Of A10U24 Approx. 
@ V dc? 


YES 


NO 


The Driver Input 
Voltage At Pin 11 


Of A10U24 >4 Vdc 
? 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U12 >4V 
Peak-To-Peak 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U12, 


U14, U26 And Associ- 
ated Components). 


Check A10U24 And Asso- 


ciated Components. 


Troubleshoot The Logic 
Circuit (A10U12, U22, 


U26 And Associated Com- 
ponents). 


The Switch Drive 
Voltage At Pin 1 Of 
A10U9 Approx. 
@ V dc? 


NO 


Is 
The Driver Input 
Voltage At Pin 7 


Of A10U9 > 4 Vdc 
? 


NO 


The.Device Select 
Signal At Pin 9 Of 

A10U13 >4 V 
Peak-To-Peak 


NO 


Troubleshoot The Device 
Select Circuit (A10U13, 


U14, U26 And Associated 
Components). 


YES 


YES 


YES 


Is 
The Gate Bias 
Voltage At A10TP3 


Approx. 9 V de 
? 


YES 


NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5 And Associ- 
ated Components). 


Troubleshoot The Logic 
Circuit (A10U13, U22, 
U26 And Associated Com- 
ponents). 


Check A10U9 And Associ- 


ated Components. 


The Switch Drive 
Voltage At Pin 13 
Of A10U5 Approx. 
@ V dc? 


YES 


NO 


Is 
The Driver Input 


Voltage At Pin 11 YES 
Of A10U5 > 4 Vdc 
? 
NO 
The Device Select 
YES 


Signal At Pin 9 Of 
A10U16 >4 V 
Peak-To-Peak 


NO 


Troubleshoot The Device 
Select Circuit (A10U16, 


U14, U26 And _ Associ- 
ated Components). 


Check Switching FET’s 
A10015, Q19, 034, Q35, 


Relay A10K6 And Associ- 
ated Components. 


Is 
The Gate Bias 
Voltage At A10TP3 


Approx.@ V de 
? 


YES 


NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5, And Associ- 
ated Components). 


Troubleshoot The Logic 
Circuit (A10U16, U22, 
U26 And Associated Com- 
ponents). 


3455 -D-5 


Check A10U5 And Associ- 


ated Components. 


Figure 8-H-9. Inguard Troubleshooting Procedure Diagram, 
Auto-Cal Circuitry TEST 7. 


8-95/8-96 


'@ 


With A Display Reading Of 
“6” (Test 6 Failure), Mea- 


sure The Switch Drive 
Voltage On Pin 14 Of 
A10U4. 


Is 
The Drive 
Voltage Approx. 
QV dc? 


YES 


NO 


Is 
The Driver 
Input Voltage At 
Pin 9 Of A10U4 
>4Vdc? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U13 >4 V 
Peak-To-Peak 
? 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U13, 
U14, U26 And Associ- 
ated Components). 


3455 -D-7 


Check A10U4 And Associ- 


ated Components. 


Troubleshoot The Logic 
Circuit (A10U13, U22, 


U26 And Associated Com- 
ponents). 


The Switch Drive 
Voltage At Pin 10 Of 
A10U24 Approx. 
@ Vdc? 


YES 


NO 


Is 
The Driver Input 
Voltage At Pin 11 Of 
A10U24>4 Vdc 
? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U12 >4 V 
Peak-To-Peak 
? 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U12, 


U14, U26 And Associ- 
ated Components). 


Check A10U24 And Assoc- 
iated Components. 


Troubleshoot The Logic 
Circuit (A10U12, U22, 
U26 And Associated Com- 
ponents). 


The Switch Drive 
Voltage At Pin 14 
Of A10U6 Approx. 
@V dc? 


YES 


NO 


Is 
The Driver Input 
Voltage At Pin 9 Of 
A10U6 > 4 V de 
? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U16 >4V 
Peak-to-Peak 
? 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U16, 


U14, U26 And Associated 
Components). 


Is 
The Voltage 
At A10TP1 


Approx. @ V de 
? 


NO 


Troubleshoot The Attenu- 
ator Circuit (A10U18, 
Q37, 035, 038, Q39 And 
Associated Components). 


Troubleshoot The Logic 
Circuit (A10U16, U22, 
U26 And Associated Com- 
ponents). 


YES 


Check A10U6 And Associ- 


ated Components. 


The Switch Drive 
Voltage At Pin 1 Of 
A10U6 Approx. 
Q@ Vdc? 


YES 


NO 


The Driver Input 
Voltage At Pin 7 Of 
A10U6 > 4 Vdc 
? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U16 >4V 

Peak-To-Peak 


ES 


NO 


Troubleshoot The Device 
Select Circuit (A10U16, 


U14, U26 And Associated 
Components). 


Is 
The Gate Bias 
Voltage At A1O0TP3 


Approx. @ V de 
? 


NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5 And Associ- 
ated Components). 


Troubleshoot The Logic 
Circuit (A10U16, U22, 
U26 And Associated Com- 
ponents). 


YES 


Check A10U6 And Associ- 


ated Components. 


Check Switching FET’s 

YES A10Q16, Q19, Q34, Q39, 
Relay A10K6 And Associ- 
ated Components. 


The Switch Drive 
Voltage At Pin 13 Of 
A10U5 Approx. 


@Vdc 
rd 


NO 


Is 
The Driver Input 
Voltage At Pin 11 
Of A10U5 >4 Vdc 
? 


Is 
The Gate Bias 
Voltage At A10TP3 
Approx.@ V de 
? 


YES YES 


NO NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5, And Associ- 
ated Components). 


Troubleshoot The Logic 

YES Circuit (A10U16, U22, 
U26 And Associatted Com- 
ponents). 


The Device Select 
Signal At Pin 9 Of 
A10U16 >4 V 
Peak-To-Peak 


NO 


Troubleshoot The Device 
Select Circuit (A10U16, 


U14, U26 And Associ- 
ated Components). 


Check A10U5 And Associ- 
ated Components. 


Figure 8-H-10. Inguard Troubleshooting Procedure Diagram, 


Auto-Cal Circuitry TEST 6. 


8-97/8-98 


With A Display Reading 
Of ‘5’ (Test 5 Failure), 


Measure The Switch Drive 
Voltage On Pin 13 Of 
A10U4. 


Is 
The Drive 
Voltage Approx. 
+9.5 Vdc 
rg 


YES 


NO 


Is 
The Driver 
Input Voltage At 
Pin 10 Of A10U4 
Approx.@ V dc 


ated Components. 


Troubleshoot The 
YES Circuit (A10U13, 


The Device Select 
Signal At Pin 9 Of 
A10U13 >4 V 
Peak-To-Peak 


NO 


Troubleshoot The Device 
Select Circuit (A10U13, 
U14, U26 And Associ- 
ated Components). 


3455-D-7 


Ss Check A10U4 And Associ- 


U26 And Associated Com- 
ponents). 


The Switch Drive 
Voltage At Pin 10 Of 
A10U24 Approx. 
@ V dc? 


YES 


NO 


The Driver Input 
Voltage At Pin 11 


Of A10U24 >4 Vdc 
? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U12 >4V 
Peak-To-Peak 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U12, 


U14, U26 And Associated 
Components). 


Check A10U24 And Asso- 
ciated Components. 


Troubleshoot The Logic 
Circuit (A10U12, U22, 
U26 And Associated Com- 
ponents). 


The Switch Drive 
Voltage At Pin 1 Of 
A10U9 Approx. 
-1V dc? 


YES 


NO 


Is 

The Driver Input 
Voltage At Pin 7 Of 
A10U9 >4 Vdc 
? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U13 >4V 
Peak-To-Peak 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U13, 


U14, U26 And Associated 
Components). 


Is 
The Gate Bias 
Voltage At A10TP3 
Approx.- 1 Vdc 
? 


YES 


NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5 And Associ- 
ated Components). 


Troubleshoot The Logic 
Circuit (A10U13, U22, 
U26 And Associated Com- 
ponents). 


Check A10U9 And Associ- 


ated Components. 


The Switch Drive 
Voltage At Pin 14 
Of A10U5 Approx. 


-1 Vdc 
? 


YES 


NO 


Is 
The Driver Input 
Voltage At Pin 9 Of 
A10U5 > 4 Vdc 
? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U16 >4 V 
Peak-To-Peak 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U16, 


U14, U26 And Associ- 
ated Components). 


Figure 8-H-11. Inguard Troubleshooting Procedure Diagram, 


Check Switching FET’s 
A10015, Q21, 033, Q35, 


Relay A10K6 And Associ- 
ated Components. 


Is 
The Gate Bias 
Voltage At A10TP3 
Approx.- 1 Vdc 
2 


ated Components. 


NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5 And Associ- 
ated Components). 


Troubleshoot The Logic 
Circuit (A10U16, U22, 
U26 And Associated Com- 
ponents). 


Auto-Cal Circuitry TEST 5. 


8-99/8-100 


YES Check A10U5 And Associ- 


With A Display Reading Of 
"4" (Test 4 Failure), Mea- 


sure The Switch Drive 
Voltage On Pin 14 Of 
A10U4. 


Is 
The Drive 
Voltage Approx. 
@ Vdc? 


YES 


NO 


Is 
The Driver 
Input Voltage At 
Pin 9 Of A10U4 
>4V dc? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U13>4V 
Peak-To-Peak 
? 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U13, 


U14, U26 And Associated 
Components). 


3455-D-8 


Check A10U4 And Associ- 


ated Components. 


Troubleshoot The Logic 
Circuit (A10U13, U22, 


U26 And Associated Com- 
ponents). 


The Switch Drive 
Voltage At Pin 10 Of 
A10U24 Approx. 
@ Vdc? 


YES 


NO 


The Driver Input 
Voltage At Pin 11 Of 
A10U24 > 4 V de 
? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U12 >4V 
Peak-To-Peak 
? 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U12, 


U14, U26 And Associ- 
ated Components). 


Check A10U24 And Assoc- 


iated Components. 


Troubleshoot The Logic 
Circuit (A10U12, U22, 


U26 And Associated Com- 
ponents). 


Is 
The Switch Drive 
Voltage At Pin 1 Of 
A10U9 Approx. 
@ Vdc? 


YES 


NO 


Is 
The Driver Input 
Voltage At Pin 7 
Of A10U9 >4 Vdc 
? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U13 >4 V 
Peak-To-Peak 
? 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U13, 


U14, U26 And Associ- 
ated Components). 


Is 
The Gate Bias 
Voltage At A10TP3 
Approx. @ V dc 
? 


NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5 And Associ- 
ated Components). 


Troubieshoot The Logic 
Circuit (A10U13, U22, 
U26 And Associated Com- 
ponents). 


Check A10U9 And Assoc- 


iated Components. 


The Switch Drive 
Voltage At Pin 14 Of 
A10U5 Approx. 
@ Vdc? 


YES 


NO 


Is 
The Driver Input 
Voltage At Pin 9 Of 
A10U5 > 4 Vdc 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U16>4 V 
Peak-To-Peak 
? 


ES 


NO 


Troubleshoot The Device 
Select Circuit (A10U16, 


U14, U26 And Associ- 
ated Components). 


Check Switching FET’s 
A10Q15, Q21, Q34, Q35, 


Relay A10K6 And Associ- 
ated Components. 


Is 
The Gate Bias 
Voltage At A10TP3 


Approx.@ V dc 
? 


YES Check A10U5 And Associ- 
ated Components. 


NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5 And Associ- 
ated Components). 


Troubleshoot The Logic 
Circuit (A10U16, U22, 
U26 And Associated Com- 
ponents). 


Figure 8-H-12. Inguard Troubleshooting Procedure Diagram, 


Auto-Cal Circuitry TEST 4. 
8-101/8-102 


With A Display Reading Of 
"3" (Test 3 Failure) Mea- 
sure The Switch Drive 
Voltage On Pin 13 Of 
A10U8. 


Is 
The Drive 
Voltage Approx. 
@ Vdc? 


NO 


Is 
The Driver 
Input Voltage At 
Pin 11 Of A10U8 
>4V dc? 


NO 


The Device Select 
Sginal At Pin 9 Of 
A10U12 >4V 


Peak-To-Peak 
? 


NO 


Troubleshoot The Device 
Select Circuit (A10U12, 


U14, U26 And Associated 
Components). 


3455-D-8 


YES 


YES 


YES 


Is 
The Gate Bias 
Voltage At A10TP3 


Approx.@ V dc 
ig 


NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
A10U1, Q5 And Associ- 
ated Components). 


Troubleshoot The Logic 
Circuit (A10U12, U22, 
U26 And Associated Com- 
ponents). 


YES 


Check A10U8 And Associ- 


ated Components. 


The Switch Drive 
Voltage At Pin 1 Of 
A10U4 Approx. 
@ Vdc? 


YES 


Is 
The Driver Input 
Voltage At Pin 7 
Of A10U4 > 4 Vdc 
? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U13 >4V 
Peak-To-Peak 


NO 


Troubleshoot The Device 
Select Circuit (A10U13, 


U14, U26 And Associated 
Components). 


Is 
The Gate Bias 
Voltage At A10TP3 


Approx.@ V dc 
? 


NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5 And Associ- 
ated Components). 


Troubleshoot The Logic 
Circuit (A10U13, U22, 
U26 And Associated Com- 
ponents). 


YES 


Check A10U4 And Associ- 


ated Components. 


The Switch Drive 
Voltage At Pin 2 Of 
A10U5 Approx. 
@ Vide? 


YES 


NO 


Is 
The Driver Input 
Voltage At Pin 5 Of 
A10U5 > 4 Vdc 
? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U16 >4V 
Peak-To-Peak 
? 


NO 


Troubleshoot The Device 
Select Circuit (A10U16, 


U14, U26 And Associ- 
ated Components). 


Is 
The Gate Bias 
Voltage At A10TP3 
Approx. @ V dc 
? 


NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5 And Associ- 
ated Components). 


Troubleshoot The Logic 
Circuit (A10U16, U22, 
U26 And Associated Com- 
ponents). 


YES 


Check A10U5 And Associ- 
ated Components. 


The Switch Drive 
Voltage At Pin 2 Of 
A10U6 Approx. 
@ V de? 


YES 


NO 


Is 
The Driver Input 
Voltage At Pin 5 
Of A10U6 > 4 Vdc 
2 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U16 >4 V 
Peak-To-Peak 
? 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U16, 


U14, U26 And Associated 
Components). 


Check Switching FET’s 
A10Q2, Q18, Q27, O28, 


Q38 And Associated Com- 
ponents. 


Is 
The Voltage 
At A10TP6 


Approx.@ V de 
? 


NO 


Troubleshoot The Feed- 
back Amplifier (A10U3, 


Q9, Q11, Q25, Q26 And 
Associated Components). 


Troubleshoot The Logic 
Circuit (A10U16, U22, 
U26 And Associated Com- 
ponents). 


YES Check A10U6 And Associ- 
ated Components. 


Figure 8-H-13. Inguard Troubleshooting Procedure Diagram, 


Auto-Cal Circuitry TEST 3. 


8-103/8-104 


With A Display Reading Of 
“2" (Test 2 Failure) Mea- 


Switch Drive 
13 Of 


sure The 
Voltage On Pin 
A10U8. 


Is 
The Drive 
Voltage Approx. 
@ Vdc? 


YES 


NO 


Is 
The Driver 
Input Voltage At 
Pin 11 Of A10U8 
>4Vdc? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U12 >4 V 

Peak-To-Peak 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U12, 


U14, U26 And Associated 
Components). 


3455-B-9 


Is 
The Gate Bias 
Voltage At A10TP3 


Approx. @ V dc 
? 


NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5 And Associ- 
ated Components). 


Troubleshoot The Logic 


Circuit (A10U12, U22, 
U26 And Associated Com- 
ponents). 


YES 


Check A10U8 And Associ- 
ated Components. 


Voltage At 


? 


Signal At 


Troubleshoot 
Select 


The Switch Drive 


A10U5 Approx. 
@ V de? 


Is 
The Driver Input 
Voltage At Pin 9 Of 
A10U5 > 4 Vdc 


The Device Select 


A10U16>4V 
Peak-To-Peak 


Circuit 


Check Switching FET’s 
YES gp} 41002, Q21 And Associ- 
ated Components. 


Pin 14 Of 


NO 


Is 
The Gate Bias 
Voltage At A10TP3 


Approx. @ V de 
? 


YES 


NO NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5 And Associ- 
ated Components). 


Troubleshoot The Logic 


Circuit (A10U16, U22, 
U26 And Associated Com- 
ponents). 


Pin 9 Of 


NO 


The Device 
(A10U16, 


U14, U26 And Associ- 


ated Compone 


nts). 


YES .} Check A10U5 And Associ- 
ated Components. 


Figure 8-H-14. Inguard Troubleshooting Procedure Diagram, 


Auto-Cal Circuitry TEST 2. 


8-105/8-106 


With A _ Dispiay Reading 
Of “1” (Test 1 Failure) 


Measure The Switch Drive 
Voltage On Pin 1 Of 
A10U4. 


Is 
The Drive 
Voltage Approx. 
@ V dc? 


YES 


NO 


Is 
The Driver Input 
Voltage At Pin 7 
Of A10U4 >4 Vdc 
re 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U13>4V 
Peak-To-Peak 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U13, 


U14, U26 And Associated 
Components). 


3455-D-1I0 


Is 
The Voltage 
At A10TP1 


Approx. @ V dc 
? 


NO 


Troubleshoot The Attenu- 
ator Circuit (A10U18, 
Q37, Q35, Q38, Q39, A40 
and Associated Com- 
ponents). 


Troubleshoot The Logic 
Circuit (A10U13, U22, 
U26 And Associated Com- 
ponents). 


Check A10U4 And Associ- 
ated Components. 


Is 
The Switch Drive 
Voltage At Pin 1 Of 
A10U6 Approx. 
@ V de? 


YES 


NO 


Is 
The Driver Input 
Voltage At Pin 7 Of 


A10U6 >4 Vdc 
? 


YES 


The Device Select 
Signal At Pin 9 Of 
A10U16 >4 V 
Peak-To-Peak 
? 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U16, 


U14, U26 And Associated 
Components). 


Is 
The Gate Bias 
Voltage At A10TP3 


Approx. @ V dc 
? 


NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5 And Associ- 
ated Components). 


Troubleshoot The Logic 
Circuit (A10U16, U22, 
U26 And Associated Com- 
ponents). 


Check A10U6 And Associ- 


ated Components. 


Is 
The Switch Drive 
Voltage At Pin 2 Of 
A10U8 Approx. 
@ V dc? 


YES 


NO 


Is 
The Driver Input 
Voltage At Pin 4 
Of A10U8 Approx. 
@ V dc? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U21 >4 V 
Peak-To-Peak 
? 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U21, 


U14, U26 And Associ- 
ated Components). 


Check A10U8 And Associ- 


ated Components. 


Troubleshoot The Logic 
Circuit (A10U21, U22, 


U26 And Associated Com- 
ponents). 


Is 
The Switch Drive 
Voltage At Pin 14 Of 
A10U5 Approx. 
@ Vdc? 


YES 


NO 


Is 

The Driver Input 
Voltage At Pin 9 Of 
A10U5 > 4 Vdc 
? 


ES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U16>4V 
Peak-To-Peak 
? 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U12, 


U14, U26 And Associated 
Components). 


Figure 8-H-15. 


Check Switching FET'’s 
A10Q16, Q21, Q36, 038 


And Associated Com- 
ponents. 


Is 
The Gate Bias 
Voltage At A10TP3 


Approx. @ V dc 
? 


YES 


NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5 And Associ- 
ated Components). 


Troubleshoot The Logic 
Circuit (A10U16, U22, 
U26 And Associated Com- 
ponents). 


Check A10U5 And Associ- 


ated Components. 


Inguard Troubleshooting Procedure Diagram, 


Auto-Cal Circuitry TEST 1. 


8-107/8-108 


With A Display Reading Of 
“QO” (Test @ Failure), Mea- 


sure The Switch Drive 
Voltage On Pin 14 Of 
A10U9. 


Is 
The Drive 
Voltage Approx. 
+10 V dc? 


YES 


NO 


Is 

The Driver Input 
Voltage At Pin 9 Of 
A10U9 > 4 V de 
? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U13>4V 
Peak-To-Peak 
? 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U13, 


U14, U26 And Associated 
Components). 


3455-D-I0 


Is 
The Voltage 
At A10TP8 
+10 V de? 


YES 


NO 


Troubleshoot The Refer- 
ence Supply (A11 Assem- 
bly A10U7 and Associ- 
ated Components). 


Troubleshoot The Logic 
Circuit (A10U13, U22, 
U26 And Associated Com- 
ponents). 


Check A10U9 And Associ- 


ated Components. 


Is 
The Switch Drive 
Voltage At Pin 1 Of 
A10U4 Approx. 
@ V dc? 


YES 


NO 


Is 
The Driver Input 
Voltage At Pin 7 Of 
A10U4 > 4 Vdc 
? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U13 >4 V 
Peak-To-Peak 
? 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U13, 


U14, U26 And Associated 
Components). 


The Voltage 
At A10TP1 


Approx. @ Vdc 
? 


YES Check A10U4 And Associ- 


ated. Components. 


NO 


Troubleshoot The Attenu- 
ator Circuit (A10U18, 
Q35, 037, Q38, Q39, 040 
And Associated Com- 
ponents). 


Troubleshoot The Logic 
Circuit (A10U13, U22, 
U26 And Associated Com- 
ponents). 


he Switch Drive 
Voltage At Pin 1 Of 
A10U6 Approx. 
+1 V dc? (Ignore 
The 2 Msec 
pulse) 


NO 


YES 


Is 
The Driver Input 
Voltage At Pin 7 Of 
A10U6 > 4 Vdc 
? 


YES 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U16 >4 V 
Peak-To-Peak 
? 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U16, 


U14, U26 And _ Associ- 
ated Components). 


The Gate Bias 
Voltage At A10TP3 
Approx. + 1 V dc? 
(Ignore The 2 msec 
pulse) 


NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5 And Associ- 
ated Components). 


Troubleshoot The Logic 
Circuit (A10U16, U22, 
U26 And Associated Com- 
ponents). 


YES 


Check A10U6 And Associ- 


ated Components. 


The Switch Drive 
Voltage At Pin 14 Of 
A10U5 Approx. 
+1 V dc? (Ignore 
The 2 msec 
pulse) 


YES 


NO 


Is 
The Driver Input 
Voltage At Pin 9 Of 
A10U5 > 4 V de 
? 


NO 


The Device Select 
Signal At Pin 9 Of 
A10U16>4V 
Peak-To-Peak 
? 


YES 


NO 


Troubleshoot The Device 
Select Circuit (A10U16, 


U14, U26 And _ Associ- 
ated Components). 


Figure 8-H-16. 


Check Switching FET’s 
A10Q16, Q21, Q29, Q31, 


Q32, Q38 And _ Associ- 
ated Components. 


Is 
The Gate Bias 
Voltage At A10TP3 
Approx, + 1 V dc? 
(Ignore The 2 msec 
Pulse) 


NO 


Troubleshoot The Gate 
Bias Amplifier Circuit 
(A10U1, Q5 And Associ- 
ated Components). 


Troubleshoot The Logic 
Circuit (A10U16, U22, 
U26 And Associated Com- 
ponents). 


Check A10U5 And Associ- 


ated Components. 


Inguard Troubleshooting Procedure Diagram, 


Auto-Cal Circuitry TEST @. 


8-109/8-110 


Turn The Instrument OFF. 
Disconnect The Test 
Jumper Located Between 
A10U27 And U28. Use A 
Clip Lead To Connect 
A10TP9 To Inguard 
Ground. Be Certain That 
The Test Jumper On The 
A3 Assembly Is Discon- 
nected And The Plug Is 
Disconnected From A1J7. 
The Front Panel GUARD 
Switch Should Be “In” 
Connecting GUARD and 
INPUT Low. Connect The 
Oscilloscope To A14TP1. 
Turn Instrument ON. 
Using A Clip Lead, 
momentarily Short 
A10TP10 To Inguard 
Ground. Apply - 10 V dc 
To The 3455A INPUT. 


Connect The Oscilloscope 


Connect The Oscilloscope 


To A3TP4. 


To A10U26 Pin 36. 


A Negative Pulse, 


Approximately 15 msec |NO Connect The Scope To 
In Duration And A10U26, Pin 34. 

> 4 V P-To-P, Present : 

? 


A Negative Pulse, 

Approximately 1.3 msec |NO Connect The Scope To 
In Duration And A3TP2. 

>4V P-To-P, Present 

? 


YES 


Waveform 1 


YES 


A Negative Pulse, 
Approximately 15 msec INO Check Inguard Processor 


In Duration And A10U26 And A10042. 
> 4 V P-To-P, Present 


Reconnect The Test 
Jumper Located Between 
A10U27 And U28. Con- 


A Negative Pulse, 


Approximately 1.3 msec | NO Go To Outguard Trouble- 
In Duration And 


Connect The Oscilloscope 


To A10U27, Pin 5. 


shooting Section. 


Is 
nect The Oscilloscope To 


Volt/Div. Is The 
a Iv Waveform 1 In REQ High Troubleshoot U26 Turn- ‘andi PROT Posse 3TP3 J 
Pecmeine si Or Togaling At On Circuit (A10U24, 19) é —— 
A14TP1 U26 Pin 29 9). 
7] YES 
OV f ? YES 


Troubleshoot The F3 
Transfer Circuit (A10Q42, 
A10U34, A3U9, And 


Troubleshoot The Fi 
Transfer Circuit (A108, 


Time/Div. The Majority Of The Inguard Logic And 
5 msec The A/D Converter Is Working. The A10U35 And Associated Associated Components). 
Following Procedure Tests The Inguard/ Components). 
Outguard Transfer Circuitry. A 


Is 
A Positive Pulse, 
>4V P-To-P, 
Present? 


A Positive Pulse, 
Approximately 2 usec 
In Duration And 
>4V P-To-P 
Lead From A10TP9. Con- NOTE Present 


nect The Oscilloscope To f 
ATOTPS.."Turt Instrument These Signals Are Difficult To Observe il YES VES 
ON. On An Oscilloscope. An _ Alternate Is 

Method To Determine If The Signals Are ie ee A Negative Pulse 

Present Would Be To Use A_ Logic Oe Approximately .5 usec |NO 
Probe, Such As The -hp- Model 10525T. In Duration And 

>4V P-To-P, Present 
? 


NO Connect The Scope To 
A10U26, Pin 35, 


Turn The Instrument OFF 
And Reconnect The Plug 
To A1J7. Remove The Clip 


NO Connect The Scope To 
A1U33, Pin 9. 


A Negative Pulse 
Approximately 50 usec 
In Duration And 
>4V P-To-P Present 
? 


Go To Outguard Trouble- 
shooting Section, Figure 
8-63. 


NO Check Inguard Processor, 


Go To Outguard Trouble- 


A10U26 And A10043. 


shooting Section. 


A Negative Pulse, 
Approximately 4 msec 
In Duration And 
>4V P-To-P, present 
? 


NO Connect The Scope To 
A3TP1. YES YES: 


Troubleshoot The F2 
Transfer Circuit (A10043, 


Troubleshoot The Transfer 
Interrupt Circuit (A1Q7, 
A10T2, A10U32, A10U27, 


YES A10U34, A3U9 And 


Associated Components. 


A10U28 And Associated 
Components). 


Is 
A Positive Pulse, 
Approximately 12 msec |NO Go To Outugard Trouble- 
In Duration And 
>4 V P-To-P, Present 
? 


shooting Section. 


YES 


Troubleshoot F@ Transfer | 
Circuit (A109, A10U35, 


A10U27, A10U28 And 
Associated Components). 


Figure 8-H-17. Inguard Troubleshooting Procedure Diagram, 
Inguard/Outguard Transfer Circuitry. 


8-111/8-112 


3455 -D-12 


Measure The 
Inguard Power 
Supplies (6 Labeled 
Test Points On The 
A10 Assembly). 
Are The Voltages 
Within + 5% Of The 
Marked Values 
Also Measure + 10 V 
Reference Supplies. 
? 


NO 
Troubleshoot The Inguard 
Power Supplies. 


YES 


Replace A10R105 With 
The Proper Value. 


Measure 
The Bias 
Voltage On Pin 38 
Of A10U26. Is 
This Voltage Within 
+ .25 Volts Of The 
Value Marked 
On U26 
? 


A10R105 The 
Proper Value For 
The Voltage Marked 
On A10U26? 


-2.0 V=787 kQ 
-2.5 V =6.04 k2 
-3.0 V =4.75 k2Q 
-3.5 V =3.92 kQ 
-4.0 V =3.32 kQ 
-45 V=280 k2 
-5.0 V =2.37 kQ 


Turn Instrument OFF And 
Carefully Remove 
A10U26. Turn Instrument 
ON. 


he Bias Voltage 
On Pin 38 Of The 
IC Socket Within 
+ .3 volts Of The 
Value Marked On 


Replace A10U26. 


U26 May Have Aged And 
Replaced 


3455-B-13 


Connect The Oscilloscope 
To A10U26, Pin 27. 


Is 
The Clock 
Signal (Waveform 2) 
Present? 


Troubleshoot Clock Cir- 
cuit (A10U21, A10U23, 


A10U28 And Associated 
Components). 


YES 


Is 

The Interrupt 

Signal At Pin 29 

Of A10U26 Held 

High or Toggling 
? 


NO Troubleshoot The _ Inter- 
rupt Circuit (A10U9, 19, 
21, 24, 27 28, 32 And 
Associated Components), 


YES 


The Data Signals 
On Pins 18 Through 
25 Of A10U26 >4 
Volts Peak-To-Peak 
? 


NO | Troubleshoot The 1/O Cir- 
cuit (A10U11, 12, 13, 15, 
16, 17, 22, 25, 26,27 And 
Associated Components). 


Waveform 2 


YES 


Volts/Div | 
Be 


OV 


Time/Div 
.5 msec 


Figure 8-H-18. Inguard Troubleshooting Procedure Diagram, 
Power Supply and Controller Circuitry. 


8-113/8-114 


Turn The Instrument OFF. 
Reconnect The Plug To 
A1J7. Be Certain That The 


Test Jumper On The A3 
Assembly Is Disconnected. 
Turn The Instrument ON. 


Is 
The Device Select 
Signal Present At 
Pin 9 Of A10U15? 
(This Signal Is A 
Negative-Going Pulse 
Approximately 1 usec 
In Duration And 
> 4 Volts Peak-To- 
Peak.) 


NO 


YES 


Are 
The Signals At 
Pins 2,10, And 12 
Of A10U15 > 3.5 
Volts Peak-To-Peak 
? 


NO 


YES 


Is 
The A/D Input 
Voltage At A10TP4 
-10 V de? 


NO 


YES 


The Reference 
Voltage At A10TP7 
-10 V dc? 


NO 


YES 


Turn The Instrument OFF. 
Disable The Inguard Clock 
By Disconnecting The Test 


Jumper Located Between 
A10U23. And A10R79. 
Turn Instrument ON. 


Troubleshoot The Device 
Select Circuit (A10U14, 


U26 And Associated Com- 
ponents). 


Troubleshoot The A/D 
Switching Circuit 
(A10U15, A14U1, U2, Q1 
Through Q4 And Associ- 
ated Components). 


Troubleshoot The DC 
Preamp And Input Switch- 
ing Circuitry (Schematic 
No. 1). Be Certain That 
- 10 V de Is Applied To 
The 3455A Input Termi- 
nals. 


The Reference 
Voltage At A10TP8 
+10 V dc? 


NO 


YES 


Troubleshoot The Minus 
Reference Supply (A10U7, 
A14U2 And _ Associated 
Components). 


3455-D-12 


Troubleshoot The Refer- 
ence Supplies (A11 Assem- 
bly, A10U7, A14U1, U2 


And Associated Compo- 
nents). 


NO 


At A14TP1 Greater 
Than +10 Vdc 


Is 

The Voltage At 

Pin 14 Of The A14 

Assembly > +4 V dc 
? 


NO 


YES 


Is 

The Voltage At 

Pin 15 Of The A14 

Assembly > +4 Vdc 
? 


NO 


YES 


Is 
The Voltage At 
Pin S Of The A14 
Assembly > 4 V dc 
? 


NO 


YES 


Force The Integrator To 
Auto-Zero By Connecting 


A Clip Lead Between The 
Cathode Of A14CR8 And 
Inguard Ground. 


Is 
The Voltage At 
A14TP1 @ Vde + .2Vde 
? 


YES 


Remove The Clip Lead 
From A14CR8 And 


Inguard Ground And Con- 
nect It Across A14C2. 


Is 
The Voltage At 
Pin 14 Of The A14 
Assembly @ Volts 
+ .3 Volts dc? 


NO 


YES 


Troubleshoot The Inte- 
grator Circuit (A14U3, U4, 


Q5, Q4 And Associated 
Components), 


Troubleshoot The .2 V De- 
tect And Absolute Value 
Circuits (A14U5, U6, O6 
And Associated Compo- 
nents). 


Troubleshoot The 10 V 
Detect And Absolute 
Value Circuits (A14U5, 
U6, OQ6 And Associated 
Components). 


Troubleshoot The @ Detect 
Circuit (A14U6 And 


Associated Components). 


Troubleshoot The _Inte- 
grator Circuit (A14U3, U4, 


Q4, Q5 And Associated 
Components), 


Troubleshoot The .2 V 
Detect And Absolute 
Value Circuits (A14U5, 


U6, Q6 And Associated 
Components). 


Is 
The Voltage At 
Pin 15 Of The A14 
Assembly @ Volts 
+ .3V dc? 


NO 


YES 


Is 
The Voltage At 
Pin S Of The A14 
Assembly @ Volts 
+ .3V dc? 


NO 


YES 


Remove The Clip Lead 


From A14C2. 


If, At This Point, The Problem Has Not 
Been Isolated To A Circuit, Recheck The 
Symptoms To Be Certain The Problem 
Is In The Inguard Section Of The Instru- 
ment. Refer To The Theory Of Opera- 
tion And Schematics To Locate Prob- 
lems Not Covered By This Procedure. 


Troubleshoot The 10 V 
Detect And Absolute 
Value Circuits (A14U5, 


U6, Q6 And Associated 
Components). 


Troubleshoot The @ Detect 
Circuit (A14U6 And 


Associated Components). 


Figure 8-H-19. Inguard Troubleshooting Procedure Diagram, 
A-to-D Convertor Circuitry. 
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DISCONNECT PLUG 
FROM J7 FOR TEST. 


3 
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= 2 Ri SB == — men’s ea ee Spgs | Seeger’ 
oho a ats (&— (s— 6: ~Fa4- —pas— —ABb— 6 | 
= [ ; | | an es iis | | ule | 16 - 4 — = 73 ~CRIS— —R46— th oea g 
¢ o | a a7 ©2 ~ Ra | 

14 14 - iq n 14 i4 ca) I ye i6 = 16 | 4 ata y 16 — 

[ iv) ] [ u4 | x | ur ] uK L ula | |. (20 - a5... [ uss U4 8 ua9 3 UST ues, a v9 
SET S1 SWITCHES —_ ——e J! “856 = 
TO oO". 6 4 iq i4 14 14 I 16 = 

a ‘| Oi a iz u2e [ u34 ua2 uso (" use | ues a) 
TT =~ 7 = — T ‘i T ~ T | 
=| 
13 _ 4 16 = 4 14 16 6 16 co 
: us u22 u29 | | uss ua3 us! us9 us? — 
—C6 3 - — = = | — co 
—Rel- @) —R25— _ ' g '-R55— -C37- | | Ca 
~RE2- ci + = 
~ci2 — 14 6 6 16 i 14 16 oS 
“Sige Ge) = Loe we uso vs uss (“ose iso vee Ss 
R24- —R28— ; 7 7 i isoaae AG 7 7 eI 
3g ie i | gece lg Pita i . # 4 é = 
ul7 ue4 u3i 8 u37 5 u45 [ us3 R U6! ii = 
! : d "% ! if -R57— C4 Sj 
147628 - 14 16 16 a! 
u38 uae [ us4 u62 = 
7 7 T i i) 
R39— co 
id 14 | 14 tg = R58 — SS 
u39 var | = uss ues = 
7 T e 7 7 
c22 —RAI wal ve” (Lor) 23] 
—— f* (" -CRI6- -R59- —R62— —R64— —ROS— 
a0 48 U56 ej fr] fae] Er] 
-_ ' v REI =R63— —Re5— —Re7 — 
CRIA c29— —Ra2 
3558-4591 
+5V: 4F53 (START/STOP AT A3TP1) 
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A10. Component Locator Table. 
[ | a —7 i 
Component Col Component Col Component Col Component Col Component Col Component cot | 
T ‘ T t — + 
cl B CR1-2 B JI c-D Q1-5 Cc Ri A | S1 A 
2-3 Cc 3-5 13) 2 E-F 6 19) 2 B 
4 ie) 6 E 3 A 7-9,11 I 3-4 c TA B 
5-6 E 7-8 F 4 B-C 12 F 79,11 D 2 F 
7-9,11 F 9,11 B 5 = 13-16 Cc 12-19 E U1-4 dD 
12 B 12-13 dD 17-18 Cc-D 21-27 li 5-6 E 
13-15 Cc 14 E 19, 21-22 12) 28-29, 31-37 B 7 F 
16 D 15 F 23-29 E 38 c 8 Cc 
17 A 16-17 B JM1-2 F 31-32 F 39, 41-44 12) 9 D 
18-19 E 18-19, 21-22 Cc 3 Dd 33-36 B 45 & 11 Cc 
21-22 A 23 F 37-39 A 46 F 12-13 dD 
23-25 B 24 B K1-2 A 40-41 B 47 B 14-15 E 
26-27 Cc 25-26 Cc 3 B * 42-43 E 48 Cc 16-17 ie 
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37-39, 41.49 Cc 41-42 D 8 B 63 AB 22-23 F 
45 dD 43-44 A 9 A-B 64.65 A 24 Cc 
46 B 45-47 B 66-69, 71-72 B 25 D 
47 c-D 48-49, 51-56 Cc u1 A 73 Cc 26 E 
48 D 57-58 A 74-78 18) 27-29, 31-35 F 
49 E 59 B 79, 81 F 36 B-C 
51 F 61-64 Cc 82-83 B 37 c-D 
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54-57 Cc 69 F 85 A 39: D-E 
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62-63, 65 E 93-96 E wW1 F 
66 F El A 97-99 F 
E2 (Below K9) A-B 101-102 B v1 F 
103 Cc 
104-105 D 
106-107, 111 E 
108-109 F 
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Model 3455A SERVICE GROUP H Section VIII 


8-H-7. QUTGUARD TROUBLESHOOTING. 


eo 8-H-8. This section contains information and procedures to aid in troubleshooting the digital 
(outguard) portion of the 3455A. 


8-H-9. A Signature Analyzer (-hp- Model 5004A) is required to perform the Outguard 
Troubleshooting procedures. If one is not available, it is suggested that the 3455A be returned to an 
-hp- Sales and Service Office for repair. 


8-117/8-118 


NOTE 1 


The Signature Analyzer Controls 
Should Be Set As Follows For This 


Are 


Test. Turn: The InstrumentCOFF. These Signatures NO Go To The Main Controller 
Disconnect The Test Correct Troubleshooting Proce- 
oe ers fe I “a Maye Jumper On The A3 Assem- ? gure. 
STOP........ T (OUT) bly. Disconnect The Plug 
CLOCK ee a Y (ouT) From A1J7. Set All HP-IB YES 
HOLD ; : ; ; ; : ‘OFF (OUT) Address Switches To The 
SELF TEST... .OFF (OUT) 0" position (down). Turn 


The Instrument ON. The RAM Circuitry Is Working Correctly. 


Connect The _ Signature 
Analyzer, START And 
STOP Inputs To A3TP2 
And Check The Following 
Signatures: 


Proper Operation Of The Outguard Test 
Routine Is Indicated By A Number Or 
Character Being Strobed Across The 
Display And The Front Panel Enunci- 
ators Being Alternately Lit. 


NOTE: Or Check The +5 V 


YES 


Pin 12 


Location —- Signature Signature For CH29. (An 
A1U34 Alternative Quick-Check) 
Pin2 6A09 
Pin5 5042 
Does The Pin9 U330 I 
Instrument Go To The Main Controller ; 
NO Pin 12 9954 | 
Enter The Troubleshooting Proce- A1U42 
Outguard Test dure. pin2 PPO5 | 
ine? 
Routine? Pin 5 AH54 I 
Ping 530U | 
| 


Connect The _ Signature 
Analyzer As Follows: 
. START input to 
A3TP1. 
. STOP Input To A3TP1. 
. CLOCK Input To 


These 
Signatures 
Correct? 


Go To The ALU Trouble- 
shooting Procedure. 


A3TP5, 

. GND Input To Chassis 
(See NOTE 1 For Signa- 
ture Analyzer Control 


Settings.) The ALU Circuitry Is Working Correctly. 


i 
Vv Use The Signature Analy- Go To The Device Select 
| zer To Check The Signa- Troubleshooting Pro- 
| tures At The Following cedure. 

Points: 
' Location Signature 

NOTE: Or Check The +5 V +e 184P 

Signature For 4F53 (An Pin5 7FPH 
Alternative Quick-Check) Pin9 AFOP 
Pin 12 UHUC 
| A1U42 
Pin2 P6PH 
| Pin 5 P961 
Ping PH16 
| Pin 12 BCPA 
| 
ae ES — 3455-B-I7 


Figure 8-H-20. Preliminary Outguard Troubleshooting Procedure Diagram. 
8-119/8-120 


NOTE 7 


The Signature Analyzer Controls 
Should Be Set As Follows For This 


Test: 
NIUE ss sao at ace: 4 ON (IN) 
START nw 204384 8 a “X (IN) 
SHOP sac nvisecnadt (OOTY 
(OCs wake ee JS (OUT) 
HOOD aeaneaaas OFF (OUT) 
SELF FEST 6 ac ve OFF (OUT) 
NOTE 2 
The Following Is A List Ot Components 
Which Are Connected lo The Processor 
Input Datu Bus. 
Schematic 8 Schematic 9 Schematic 10 
17U5 AlU] A1U59 
AlU2]1 A1lUI15 A1U60 
AlU22 A1U16 
A1lU27 AlU17 
A1U34 Al1UI18 
A1lU35 AlS]1 
A1lU42 
Al U43 
ATR40 
WAVEFORM 1 
RK : 
Volt/Div. RE. 
1.0 
OV 


& 
. ; 


Time/Div. 
5 usec 


Start 


Be Certain That: The Test 
Jumper On The A3 Assem- 
bly Is Disconnected, The 
Plug Is Disconnected From 


A1J7 And The HP-IB 
Address Switches Are All 
Set To The “0” position. 
Turn The Instrument ON. 


Check The Following Pins 
On A1J6 For The Volt- 
ages Listed (A3 Assembly 
Plugged In): 


Pin Voltage 


A #5V2.2V 
M +9Vi SV 
E. Equal To The 

Voltage Stamped 
On A3U9 + .3V. 


Are 
The Voltages 
Correct 
? 


NO 


YES 


The Clock 
Signal (Waveform 
1) Present At 
A3TP5? 


YES 


NO 


Turn The Instrument OFF. 
Warning: Make Sure The 
3455A Is Turned Off Or 
Incorrect Signatures May 
Be Present When The A3 
Board Is Reconnected. 
Remove The A3 Assem- 
bly And Connect It To An 
Extender Board. Place 
Tape Accross Pins B 
Through K (8 Pins) Of The 
Extender Board (To Break 
The Data Bus Connec- 
tions) And Insert It In 
A1J6. Connect The Sig- 
nature Analyzer START 
And STOP Inputs To 
A3TP3. Connect The 
CLOCK Input To A3TP5 
And The GND To The 
Chassis. (See NOTE 1 For 
Signature Analyzer Con- 
trol Settings. Turn In- 
struments ON. 


Troubleshoot 
Supplies. If 


At A1J6 Pin 


The Power 


The Voltage 


L Is Incor- 


rect, Be Certain That 
A3R3 Is The Proper Value 
For The Voltage Stamped 


On A3U9. 


Voltage 


-5.0V 
-45V 
-4.0V 
-3.5V 
-30V 
-2.5V 
-2.00V 


Troubleshoot 


Resistance 


4.64 kQ 
2.87 kQ 
196 k2 
1.37 kQ 
1.00 k&2 
716 2 

5112 


The Clock 


Circuit (Schematic 8). 


Use The Signature Analy- 
zer To Check The Signa- 
tures On The Following 
Pins Of The A3 Assembly: 


Signature 


3A9C 
H3FH 
P2F8 
62PP 
7078 
F757 
15FU 
97C6 


ACITIMMVNOW DV 
= 


Are 
These Signatures 
Correct? 


YES 


Connect The _ Signature 
Analyzer START And 
STOP Inputs To A3TP2 
And Check The Following 
Signatures: 


Pin Signature 
BAAF 
693A 
C304 
4F60 
C43U 
4CHH 
6C93 
9H95 


Are 
These Signatures 
Correct? 


YES 


Connect The Signature 
Analyzer START And 
STOP Inputs To A3TP3 
And Check The Following 
Signatures: 
Pin Signature 
PC79 


A102 
7AAU 
OC52 
6UAO 
H8CH 
1P29 
U478 


NO 


NO 


+5 V: 4F53 


Replace The A3 Assembly. 


+5 V: CH29 


Replace The A3 Assembly. 


+5 V: 02C2 


Are 
These 
Signatures 
Correct? 


NO 
Replace The A3 Assembly. 


YES 


Connect The _ Signature +5 V: 79OFU 
Analyzer START And 

Stop Inputs To A3TP4 

And Check The Following 

Signatures: 


Pin Signature 
B CHC4 
¢ 6COP 
D A43P 
E 129C 
F OC93 
H CP65 
J F517 
K 6P03 


Are 


? 


YES 


Connect The Signature 
Analyzer START And 
STOP Inputs To A3TP3 
And Check The Following 
Signatures: 


+5 V: 02C2 


Pin Signature 
U5P6 
23F9 
2A6F 
SAQF 
6242 


Are 
These 
Signatures 
Correct 
? 


NO 


Replace The A3 Assembly. 


YES 


Use An Oscilloscope To 
Measure The Amplitude Of 


The Waveforms At A3TP1, 
TP2, TP3, And TP4. 


These NO 
Signatures Replace The A3 Assembly. 
Correct 


Are 
All Waveforms 
>4V 
Peak-To-Peak 
? 


NO 


YES 


The Main Controller Test Routine Is 
Operating Properly. 


Replace The A3 Assembly. 


Use An Oscilloscope To 
Measure The Amplitude Of 
The Signals On The Proces- 
sor Data Bus Lines At The 
Following Points: 


A1U34 Pins 5,9, 12 
A1U42 Pins 2,5,9,12 


In Most 
Resolution 


Are 
These Signals 
> 4 V Peak-To-Peak 
? 


The Faulty 


ly Have 


The Voltage 
At Pin 2 Of 
A1U34 >4Vdc 
? 


YES 
The Tape 


The Processor Input Data Bus Is 


Operating Properly. 


Turn The Instrument OFF. 
Remove The A3 Assembly 
From The Extender Board 
And Replace It In The 
Instrument. (Be Sure To 
Remove The Tape From 


The Extender Board.) Turn 
The Instrument ON. 


Go To The RAM Trouble- 
shooting Procedure. 


3455-C-18 


Refer To Schematic 8 To 
Determine Which Data Bus 
Line (D@ Through D7) Is 
Being Held. 
The Components Which 
Are Connected To This 
Line. (See Note 2.) 


Cases, 


Extender Board.) 


Troubleshoot 


A High 
Voltmeter 


(1 nV Resolution) May Be 
Used To Determine The 
Bad Component. If The 
Data Line Is Being Held 
Low, The Component With 
The Lowest Voltage 
Reading Will Generally Be 


Part. If The 


Line Is Being Held High, 
The Bad Part Will Normal- 
The Highest 
Voltage Reading. 


When Troubleshooting The 
Processor Data Bus, The 
A3 Assembly Should Be 
Removed From The Instru- 
ment. (Be Sure To Remove 


From The 


Figure 8-H-21. Outguard Troubleshooting Procedure Diagram, 


Main Controller Circuitry. 


8-121/8-122 


The following signatures are for the outguard RAM circuits. The 
signatures are taken with the start/stop inputs of the signature 


analyzer connected to A3TP1. 


NOTE 
**These signatures apply when U44 and U45 are 
removed from their sockets. 


*To obtain this signature, a 10 K resistor must be 


connected between the 5 volt TP and the probe tip 
of the signature analyzer. 


To check for proper logic tracer connections verify 


The Signature Analyzer Controls 
Should Be Set As Follows For This 
Test: 


LINE noes > ream ean ON (IN) 

Sy X (IN) 

STOP. ... 0000. S (OUT) 

CLOCK: soe ne es JS (OUT) 

HOLD ec nicaa oi OFF (OUT) 

SELF TEST...... OFF (OUT) 
NOTE 2 


Be Certain That The Test 
Jumper On The A3 Assem- 
bly Is Disconnected, The 
Plug Is Disconnected From 
A1J7. And All HP-IB 
Address Switches Are Set 
To The "0" Position. Turn 
Instrument ON. 


Check The Signatures At 
The Following Points: 


Location Signature 


A1U44 

Pin9 AFOP 
Pin 10 184P 

Pin 11 UHUC 
Pin 12 7FPH 
A1U45 

Ping PH16 


Turn The Instrument OFF, 
Connect A 10 k& Resistor 
Between The +5 V Test 
Point On The A1 Assembly 
And The Probe Tip Of The 
Signature Analyzer Turn 
The Instrument ON. 


Check The Signatures At 


The Following Is A List Of Components 
Which Are Connected To The Output 
Data Bus. 


Pin 10 8CPA 
Pin 11 P961 


The Following Points: 


signature of +5 test point is 4F53. The signatures in 
+5 V: 4F53 this section take one or two readings to stabilize. 


Signature Signature Signature Schematic 8 Schematic 9 Schematic 10 STOP Inputs To A3TP1. Pins 
U34. 1 7622 1 4F53 1 93AF A1U23 A1UI1 A1US51 Connect The CLOCK cad 4078 
2) 184P 2 F281 ‘ P 2 U6FF A1U24 A1U18 A1US4 — To A3TP5 And Al Ke Is Pin 10 97C6 
3 184P 3 P6PH*3A9C*,** 3 OHAH 1U25 7U19 1U GND To The Chassis. (See The Enable : : 
4 7622 4 P961*H3FH*,** 4 4ACA pe piste Poh! NOTE 1 For Signature Sanaures YES Signature At NO Ge To Ll. Device: Select 24 mM Head 
5 7FPH 5 8CPA*P2F8*,** 5 1UFP ‘41U31 A1U26-—~ATU6S Analyzer Control Settings.) Pcorecne A1U43 Pin 1 Tener Peds AatiaE 
6 7FPH 6 PH16*62PP*,** 6 FF11 A1U34 A1U66 ? 3A71 ae Socket 
Z 0000 7 4F53 7 671F A1U35 A1U67 : ? Ping 62PP 
8 AFOP 8 0000 8 0000 A1U36 A1U68 NO Pin 10 P2F8 
9 AFOP 9 1PP5 9 AFOP*7078*,** A1U37 A1U69 YES Pin 11 H3FH 
10 7622 10 4F53 10 184P*97C6*,** A1U42 A1U70 Use The Signature Anal- Pin 12 3A9C 
11. | UHUC 11 | 93AF 11. | UHUC*E757*,** A1U43 erie —s Turn The Instrument OFF 
12 | UHUC 12 | U6FF 12 | 7FPH*15FU*,** a ae, la And Carefully Remove Output Buffer A1U35 Or 
13 | 7622 13 | OHAH 13 | 9037 aac cid A1U44 And U45. Turn A1U43. a ae 
e n 
al ae is | ee etna Spa Te trvaner “ne ratte 
U35 1 3A71 16 4F53 16 4F53 A1U34 sienna YES A1U36 F281? NO A ee 
2 184P Pin 2 184P Conwee Is The Signature CORN! Ose 
3 184P U38 5 1PP5 Pin5 7FPH Check The Signatures At 3 At Pin 9 Of ure. 
4 3A71 8 1PP5 U45 1 93AF Ping AFOP The Following Points: ’ A1U36 1PP5 
5 7FPH rh F281 P U6FF Pin12. UHUC NO ? 
6 7FPH 12 1PP5 3 OHAH A1U42 Location Signature 
7 0000 13 9037 4 4AC4 Pin 2 P6PH A1U44 YES 
8 AFOP 5 1UFP Pin 5 P961 Socket 
9 AFOP U39 8 HF64 6 FF11 Pin9 PH16 Pin 1 93AF 
10 3A71 2 lai . 71F Pin 12 BCPA Pin 2 U6FF Presettable Counter 
11 | UHUC 8 | 0000 Pin3 OHAH A1U36 Or U37. 
‘2 | uMue U42 1 7622 9 PH16*62PP*,** Pin 4 4AC4 
13 | 3a71 2 | Pern 10 | 8CPA*P2F8*,** ead hei 
14 4F53 3 P6PH 11 P961 *H3FH*,** Pin 6 FF11 
Are 
4 7622 12 P6PH*3A9C*,** These Pin 7 671F A Signature Of O@ (0) (1) 
U36 1 4F53 > | te 13 | 9037 ceca ie ide Indicates The Output Data 
2 F281 : oe 14 7622 Honea Bus Line Is Being Held 
3 AFOP*7078*,** 7 0000 15 143A ; Low. Troubleshoot The 
4 UHUC*F757*,** 8 PH16 16 4F53 YES Components Which Are 
5 7FPH*15FU*,** 9 PH16 Are Connected To This Line. NOTE 3 
6 184P*97C6*,** 10 7622 U46 1 HF64 These NO (See Note 2.) 
7 183F 1 8CPA 2 7622 The RAM Circuits Are Operating Cor- SIghakNrss Bid Be Sure To Remove The 10 kQ 
8 0000 12 8CPA 3 3A71 rectly. Correct Any Of The In Most Cases, A High Resistor Connected Between The 
9 1PP5 te her ? ses ey ie YES tT aU Meteo) Wise fos Signature Analyzer Probe Tip And 
10 183F wES Signature Used To Determine The ert eae arte 
f — U43 1 3A71 Go To The ALU Trouble- Of ane Bad i ae In Gen- Replace A1U44 And A1U45. 
2 P6PH shooting Procedure. : eral, The Component Hold- 
13 1UFP 3 P6PH Is ing The Line Low Will 
se be 4 3A71 The Enable a tte Dinlel Saloni NO Have The Lowest Voltage 
16 5 P961 Signature At NO Oo) do) ane: BeMic “y Reading. When Trouble- 
4F53 6 P961 A1U44 Pin 13 Troubleshooting Proced shooting The Data Bus, 
7 0000 9037 ure. Data Bus Output Buffers The A3 Assembly Should 
? A1U34 or U42. Be Removed From The 
: Soe Instrument. 
10 3A71 YES 
11 8CPA 
12 8CPA 
13 3A71 S405-G"60 RAM, A1U44 Or U45. 
14 4F53 


Pin 


Connect The _ Signature 
Analyzer START and 


Pin 12 P6PH 


Location Signature 
A1U44 


Figure 8-H-22. Outguard Troubleshooting Procedure Diagram, RAM Circuitry. 
8-123/8-124 


U16 


U21 


U22 


U23 


+5 V: CH29 


ont 


OM NOoORWN — 


eS ahs 8 tal ey Sh 
DaRONAOYP MWYODAWN= 


Signature 


CPP3 
CPP3 
O3FA 


6457 
8CPU 
9954 
6457 
UPUH 
5042 
0000 


6A09 
2131 
6457 
U330 
HAF7 
6457 
CH29 


6457 
9445 
PPOS 
6457 
CPOH 
AH54 
0000 


2A69 
POF 
6457 

530U 
F84U 
6457 

CH29 


CH29 
08U7 
UHO1* 
17A6* 
2762 
FH98* 
3U52 
0000 


U23H 
9U2A 
32UF* 
5C08 
FAA3* 
3541* 
5673 
CH29 


The following signatures are for the outguard ALU circuits. The 
signatures are taken with the start/stop inputs of the signature 


analyzer connected to A3TP2., 


NOTE 
*To obtain this signature, a 10 K resistor must be 
connected between the 5 volt TP and the probe tip of 
the signature analyzer. 


To check for proper signature analyzer connections 
verify signature of +5 V test point is CH29. 


Signature 
U24 1 CH29 
2 A81P 
3 UHO1* 
4 17A6* 
5 37FH 
6 FH98 
7 9P30 
8 0000 
9 3UFF 
10 94AU 
11 382UF@ 
12 CH29 
13 CH29* 
14 CH29* 
15 CH29 
16 CH29 
U25 1 CH29 
2 6406 
3 FAA3* 
4 3541* 
5 9COF 
6 150U 
7 H4UF 
8 0000 
9 3UFF 
10 3P95 
11 21H1* 
12 CH29 
13 CH29* 
14 CH29* 
15 CH29 
16 CH29 
U28 1 6406 
2 UCH6 
3 9U2A 
4 3U52 
5 2762 
6 08U7 
7 OP6P 
8 5673 
9 HAF7 
10 8CPU 
11 UPUH 
12 0000 
13 2131 
14 32AC* 
15 F693 
16 CPP3 
17 5C84 
18 3P95 
19 HHF5 
20 H4UF 
21 HO74 
22 9COF 
23 87C2 
24 CH29 


U29 


U30 


U31 


ONOOBRWND— 


DakROwAOL BVOOARWN= 


The Signature Analyzer Should Be 
Set As Follows For This Test. 


Be Certain That: The Test 


LINE «eee eee nen ON (IN) Jumper On The A3 Assem- 
START. Woe eevee ‘ (IN) bly Is Disconnected, The 
ee 5 OM Bee aS fh le Plug Is Disconnected From 
RD ae we f A1J7 And All HP-IB Ad- 
ee cea eie a at dress Switches Are Set To 
we a The “@ * Position. Turn 
The Instrument ON. 
Connect The _ Signature 
Signature Analyzer START and 
CH29 STOP Inputs To A3TP2. 
UCH6 Connect The CLOCK 
FAA3* Input To A3TP5 And The 
3541* GND Input To Chassis. 
87C2 (See NOTE 1 For Signa- 
150U ture Analyzer Control Set- 
HO74 tings.) 
0000 
25H1 
HHF5 Use The Signature Analy- 
Z1H17 zer To Check The ALU 
CH29 Output Signatures At The 
CH29* Following Points: 
CH29* 
CH29 Location Signature 
ae A1U42 
Pin 2 PPOS 
AGTE Pin AH54 
SHSC Pin 9 530U 
eeD Pin12 —-2A69 
2762 
08U7 
5C08 
5673 Are 
9445 These NO 
CPOH Signatures 
eae Correct? 
F84U YES 
1456 
0129 
OP6P Check The Following ALU 
HAP6 Output Signatures: 
94AU 
3H92 Location Signature 
9P30 A1U34 
59H2 Pin 2 6A09 
37FH Pin5 5042 
1HHA Ping U330 
CH29 Pin 12 9954 
CH29 
5H5C 
UHO1* 
17A6* 
1HHA 
FH98 
59H2 
0000 3455-D-I9A 
25H1 
3H92 
32UF* 
CH29 
CH29 
CH29 
CH29 
CH29 


Are 

These 
Signatures 
Correct? 


YES 


Is 
The 
Signature 
At Pin 6 Of 


A1U16 O3FA 
? 


YES 


Go To The Device Select 


Troubleshooting Proced- 
ure. 


NO 


NO 


NO 


Signature 
At Pin 5 Of 
A1U16 CPP3 
? 


YES 


Inverting Gate A1U16. 


The ALU Circuit Is Operating Correctly. 


ALU, A1U28 


Check The Signatures At 
The Following Points: 


Location Signature 
A1U21 

Pin 2 8CPU 
Pin 5 UPUH 
Ping 2131 

Pin 12 HAF7 


Are 
These 
Signatures 
Correct 
‘4 


NO 


Check The Signatures At 
The Following Points: 


Location Signature 


A1U29 

Pin 2 UCH6 
Pin 5 87C2 
Pin 7 HO74 


Pin 10 HHF5 


Are 
These 
Signatures 
Correct? 


NO 


YES 


Check The Signatures At 
The Following Points: 


Location Signature 
A1U25 

Pin 2 6406 

Pin 5 9COF 
Pin 7 H4UF 
Pin 10 3P95 


Are 
These 
Signatures 
Correct? 


NO 


YES 


ALU, A1U28 


YES 
Output Buffer A1U21. 


Input Latch A1U29 Or 


ALU A1U28. 


Input Latch A1U25 Or 
ALU A1U28. 


Check The Signatures At 
The Following Points: 


Location Signature 


A1U22 


Pin 2 9445 
Pin 5 CPOH 
Ping POF9 


Pin 12 F84U 


Are 
These Signatures 
Correct? 


YES 


NO 


Check The Signatures At 
The Following Points: 


Location Signature 


A1U31 

Pin 2 5H5C 
Pin5 1THHA 
Pin7 59H2 
Pin 10 3H92 


Are 
These 
Signatures 
Correct? 


NO 


YES 


Check The Signatures At 
The Following Points: 


Location Signature 


A1U24 

Pin 2 A81P 
Pin 5 37FH 
Pin 7 9P30 
Pin 10 94AU 


Are 

These 
Signatures 
Correct? 


NO 


YES 


Check The Signatures At 
The Following Points: 


Location Signature 


A1U23 

Pin 2 O08U7 
Pind 2762 
Pin7 3U52 


Pin 10 Q9U2A 
Pin 12 5C08 
Pin 15 5673 


Is 
The Device 
Select Signature 
At Pin 1 Of 
A1U22 6457 
? 


NO 


Go To The Device Select 
Troubleshooting Pro- 
cedure. 


Is 
The Device 
Select Signature 
At Pin 9 Of 
A1U31 25H1 
? 


YES 


Input Latch A1U31 Or 
ALU A1U30. 


Is 
The Device 
Select Signature 
At Pin 9 Of 
A1U24 3UFF 
? 


YES 


Input Latch A1U24 Or 


ALU A1U30. 


NO 


NO 


YES 
Output Buffer A1U22 


Go To The Device Select 


Troubleshooting 
cedure. 


Pro- 


Go To The Device Select 


Troubleshooting 
ure. 


Proced- 


Are 

These 
Signatures 
Correct? 


NO 


YES 


Is 
The ‘’Carry”’ 
Signature At Pin 7 Of 


A1U28 OP6P 
? 


NO 


YES 


Output Buffer A1U22 Or 


ALU A1U30 


Is 
The Device 
Select Signature 
At Pin 9 Of 

A1U23 U23H 
? 


NO 


YES 


Input Latch A1U23 Or 
ALU A1U30. 


ALU, A1U28 Or ALU, 
A1U30 


Go To The Device Select 
Troubleshooting Proced- 


ure. 


Figure 8-H-23. Outguard Troubleshooting Procedure Diagram, ALU Circuitry. 


8-125/8-126 


NOTE 1 


The Signature Analyzer Controls 
Should Be Set As Follows For This 
Test: 


LINE: « mean Rea ss ON (IN) 
STAR TE: avi 344 boat NX (IN) 
STOR. 6 iwc e094 JS(OUT) 
CROCK. «nag 6084 JS (OUT) 
HOLD 0» ow weno OFF (OUT) 
SELF TEST......OFF (OUT) 
+5 V: O2C2 


Be Certain That: The Test 
Jumper On The A3 Assem- 
bly Is Disconnected, The 
Plug Is Disconnected From 
A1J7 And The HP-IB Ad- 
dress Switches Are All Set 
To The ‘Q” Position. Turn 
The Instrument ON. 


Connect The Signature 
Analyzer START And 
STOP Inputs To A3TP3. 
Connect The CLOCK 
Input To A3TP5 And The 
GND Input To Chassis. 


(See Note 1 For Signature 
Analyzer Control Settings.) 


Use The Signature Analy- 
zer To Check The Device 
Select Input Signatures At 
The Following Points: 


Location Signature 


A1U33 

Pin 1 6242 
Pin2 3 AQF 
Pin 3 2A6F 
Pin 4 23F9 


Are 

These 
Signatures 
Correct? 


YES 


NO 


A3 Assembly Or A1U33, 


U41. 


3455-D-19 


Is 
The Signature 
At A1U46 Pin 3 
5AP5? 


YES 


NO 


The Signature NO A3 Assembly A1U32, U34, 
At A1U46 Pin 2 


U5P6? 


U39 U42, U44, U45 Or 
U46. 


YES 


The Signature YES 
At A1U46 Pin 1 


5857? 


NO 


The Signature 
At A1U39 Pin9 
5AP5? 


YES 
A1U39 


NO 


Turn The Instrument OFF 
And Carefully Remove 


RAM's A1U44 And U45. 
Turn The Instrument ON. 


The Signature 
At A1U39 Pin 9 
Now 5AP5? 


NO 
A1U38, U39 Or U41. 


YES 


RAM A1U44 Or U45. 


A1U35, U43 Or U46. 


The Signature 
At A1U38 Pin 11 
CU60? 


NO 


YES 


The Signature 
At A1U38 Pin 8 
P737? 


NO 


YES 


The Signature 
At A1U33 Pin 11 
5UH2? 


NO 


YES 


The Signature 
At A1U33 Pin 12 
7731? 


NO 


YES 


The Signature 
At A1U33 Pin 13 
H4CH? 


NO 


YES 


The Signature 
At A1U33 Pin 14 
5A8F? 


NO 


YES 


The Signature 
At A1U33 Pin 9 
1764? 


NO 


YES 


Is 
The Signature NO 
At A1U33 Pin 10 
55PA? 


YES 


The Signature 
At A1U38 Pin 12 
P7S7? 


NO 


A1U38 Or U41. 


A1U36, U37, Or U38. 


A1U21, U22 or U33. 


A1U24, U25 Or U33. 


A1U29, U31 Or U33. 


A1U23 Or U33 


A1U33 Or A1Q7 


A3 Assembly Or A1U33 


ree A1U36, U37 Or U38. 


The Signature 
At A1U39 Pin 10 
2P58? 


YES 


NO 


The Signature 
At A1U39 Pin 11 
2FPA? 


YES 


NO 


The Signature 
At A1U32 Pin 4 
2FPA? 


NO 


YES 


The Signature 
At A1U32 Pin 5 
U754? 


YES 


NO 


Is 
The Signature 
At A1U39 Pin 13 
U5P6? 


YES 


NO 


A3 Assembly A1U32, U34, 


U39, U42, U44, U45 


A1U18, U17 Or U39 


A1U32 Or U41 


A1U32 


A1U32 Or U39 


The Signature 
At A1U32 Pin 3 
02C2? 


YES 


The Signature 
At A1U8 Pin 2 
4C96? 


NO 


The Signature 
At A1U8 Pin 1 
4924? 


NO 


The Signature 
At A1U32 Pin 10 
4924? 


YES 


A1U4, U8, Or U32. 


NO 


YES 


YES 


NO 


A1U19, U20 Or U32. 


A1U8, U15, U16, Or U18. 


A1U32 Or U41 


The Signature 
At A1U32 Pin 11 
02C2? 


YES 


Is 
The Signature 
At A1U7 Pin 6 
HC61? 


NO 


Is 
The Signature 
At A1U7 Pin 5 
H9H3? 


YES 


A1U1 Or A1U7 


NO 


YES 


NO 


A1U11, U26 Or U32 


A1U7 Or A1U41 


The Signature NO 
At A1U41 Pin 13 


AC4A? 


YES 


The Signature 
At A1U41 Pin 15 
0207? 


NO 


The Signature 
At A1U33 Pin 7 
0066? 


NO 


YES 


The Signature NO , 
At A1U33 Pin 15 


F541? 


YES 


The Device Select Circuits Are Operating 
Correctly. 


Go To The Interrupt 
Troubleshooting Proced- 
ure, 


A1U41, U48, U54 Or U63 


A1U41 Or U64 


A1U33 Or U64 


A1U33 Or U51 


Figure 8-H-24. Outguard Troubleshooting Procedure Diagram, 


Device Select Circuitry. 


8-127/8-128 


The Signature Analyzer Controls 


NOTE 1 


Should Be Set As Follows For This 


Test: 


Be Certain That: The Test 
Jumper On The A3 Assem- 
bly Is Disconnected, The 


Plug Is Disconnected From 


Pees S (OUT) A1J7. And The HP-IB 


Address Switches Are All 
Set To The ‘Q” Position. 
Turn The Instrument ON. 


Connect The Signature 
Analyzer START And 
STOP Inputs To A3TP4. 
Connect The CLOCK 
Input To A3TP5 And The 
GND Input To Chassis. 
(See Note 1 For Signature 
Analyzer Control Settings.) 


Is 
The HP-IB 

Interrupt 
Signature At 
A1U53 Pin 5 
AQF1? 


+5 V: 79FU 
NO 


YES 


Use An Oscilloscope To 
Measure The Display Inter- 
rupt Signal At A1U53, Pin 
3. This Signal Should Be A 
Negative-Going Pulse 
Approximately 1 msec In 
Duration Followed By A 
Negative-Going Pulse 
Approximately 2.8 msec In 
Duration. Amplitude 
Should Be About 4 V 
Peak-To-Peak. 


Is 
The Display 
Interrupt 
Signal Correct? 


NO 


YES 


Connect The Oscilloscope 
To A1U55 Pin 4. Press 
And Hold One Of The 
Front Panel Keys (Except 
LINE, LOCAL And 
GUARD). The Front Panel 
Interrupt Signal Should Be 
A Negative-Going Pulse 
Approximately 15 msec 
In Duration And 4 V Peak- 
To-Peak 


Go To The HP-IB Trouble- 


2AFor instruments with serial number 
1622A01505 and below the pulse is 5 
msec wide. 


BFor Instruments with serial number 
1622A01506 and above and with a 
Rev. D of the A1 board. The pulse is 
positive when keys are pushed and 
negative when keys are released. 


CFor instruments with serial number 
1622A03538 and above or where Ser- 
vice Note 3455A-13 has been im- 
plemented, the negative pulse is 1.5 
msec wide. 


shooting Procedure. 


Connect The 


STOP Input To A3TP3 


Is 
The Device 
Select Signature 
At A1U48 Pin 10 
AC4A? 


NO 


Decoder A1U41, One-Shot 
Multivibrator A1U48, Or 


Latches A1U54 And 
A1U63. 


16 psec if A1C32 is a .68 pF capacitor. 


3455-D-21A 


Signature 
Analyzer START AND 


One-Shot Multivibrator 
YES .| a1U48, A1C29, A1R42, 


Gate A1U53, Or Decoder 
A1US56. 


The Front 
Panel Interrupt 
Signal Correct 


NO 


Connect The Oscilloscope 
To A1U55 Pin 3. Press 
And Hold One Of The 
Front Panel Keys. The En- 
able Signal Should Be A 
Negative-Going Pulse _Ap- 
proximately 15 msec” In 
Duration And 4 V Peak- 
To-Peak 


Is 
The Enable 

Signal Correct 
? 


NO 


YES 


Connect A Clip Lead To 
The EXTERNAL TRIG- 
GER Input (Rear Panel 
BNC). Connect The Signa- 
ture Analyzer Probe To 
A1U53 Pin 4. This Point 


Should Be Low (Signature 
Of 0000, and Probe Light 
OFF.) Momentarily Touch 
The Clip Lead To The 
+5 V Test Point And Then 
To Chassis Ground. 


Did 

The Probe 

Light Blink 
? 


NO 


YES 


Use The Signature Analy- 
zer To Read The Signature 
At A1U53 Pin 6. Be Sure 
The START And STOP 
Inputs To The Signature 
Analyzer Are Connected 
To A3TP4. 


The Signature 
At A1U55 Pin 6 
The Same As 
The Signature 
At A1U53 Pin 6 


NO 


YES 


Connect The LOGIC 
TRACER START And 
STOP Inputs Ts A3TP3. 
Press And Hold One Of 
The Front Panel RANGE 
Keys. 


Is 

The Front 

Panel Interrupt 
Signature 

At A1U48 Pin 2 

42AP? 


NO 


YES 


One-Shot Multivibrator 
A1U48, A1C32, A1R41, 


A1U40,_ Latch A1U58, 
And Gates A1U47, Or 
A1U55. 


A1U40, U39, U47 Or 
U55. 


Go To The Display Trou- 


bleshooting Procedure. 


Gate A1U53 Inverter 


A1U52 Gate A1U55. 


Go To The Display Trou- 


bleshooting Procedure. 


The Signature 

At A1U55 Pin 3 

The Same As 

The Signature 

At A1U55 Pin 
? 


YES 


With The Signature Analy- 
zer Probe Connected To 
A1U55 Pin 3, Press And 
Hold One Of The Front 
Panel Keys. 


Does 
The Signature 
Change Momentarily 


To 0066 
? 


NO 


YES 


Use An Oscilloscope To 
Measure The Voltage Level 
At A1U47 Pin 8. 


The Voltage 
At A1U47 Pin 8 
>4 Vdc? 


NO 


YES 


Is 
The Voltage 
At A1U47 Pin 10 


>4V dc? ponents. 


YES 


Is 
The Voltage 
At A1U55 Pin 12 
< .2Vdc? 


NO 


YES 


The Interrupt Circuits Appear To Be 
Working Correctly, However, The Dyna- 
mic Operation Of The Following Com- 
ponents Has Not Been Checked: 


A1U39 Pin 2 

A1U46 Pins 6 And 11 
A1U47 Pins 3,8 And 11 
A1U55 Pin 11 


Go To The Display Trou- 
bleshooting Procedure. 


NO Gate A1U55. 


Gate A1U55. 


A3 Assembly Or A1U47. 


NO Turn-On Circuit A1U5, 
U26 And Associated Com- 


A3~Assembly Or A1U55. 


Interrupt Circuitry. 


Figure 8-H-25. Outguard Troubleshooting Procedure Diagram, 


8-129/8-130 


The following signatures are for the outguard Display circuits. The 
signatures are taken with the start/stop inputs of the signature 
analyzer connected to A3TP3. NOTE 1 


NOTE C start_) 
The Signature Analyzer Controls Bratt 


Should Be Set As Follows For This 


*To obtain this signature, a 10 K resistor must be 


| connected between the 5 volt TP and the probe tip of Test: Is B ‘ 
the signature analyzer. Be Certain That: The Test The Signature The Extarnal 0 
PUIIE is ss a8 iktlarah ON (IN) 401F When ; All Display 
Jumper On The A3 Assem- NO The Signature NO Input Latch A1U51 Or Trigger Interrupt NO The Signature YES Inverter A1U52 Or Gates Se 
é Se af ‘ ments And 
**To obtain this signature, press and hold the ple Go RHEE HE MBE ee ae bly le Oisconnectad, The Each Key Is At A1U51 Pin 2 Inverter A1US0. Signature At At A1US82 Pin 5 A1U46 Or A1U53. bcc Light? Use Schematic No. 10 And 
front panel MATH OFF key. sigh errr r ya at Plug Is Disconnected From as 42AP? A1US52 Pin 6 AH2C? ten Nau? For NO The Display Signatures 
‘ 24 HOLD ......... OFF (O mS A1J7 And All _ HP-IB . AU99? A Description Table To Troubleshoot 
tTo obtain this signature, press and hold the front SELF TEST ae ee OFF (O ) Switches Are Set To The YES NO Of The Display The Display Circuitry. 
panehhOCAL Rey, SEL TEST oe es (OUT) “@" position. Turn The YES YES Seanatien:) 
Instrument ON. | 
ttTo obtain this signature, press and hold the front NOTE 2 lemme ROU Sateen 
panel DCV key. 


A Character, Starting At The Most Sig- $2, S7—S9, $13, $15—S22, 


ae ; The Signature NO YES 
‘ , j - Cable A2W2 Or A1U57. . Input Latch A1U51 Or 
oey. opee To check for proper logic tracer connections verify eon gp ag ere pe Connect The Signature At A1U51 Pin 10 sae A1U61 
: : ne e003, : y AUg9? i 
signature of +5 V test point is 1,2,3,4,5,6,7,8,9,[,/,",£,L, Blank And Analyzer START And The Display Circuitry Appears To Be 


Period. Each Character Is Strobed Across STOP Inputs To A3TP3. 


TES Working Correctly, However, The Oper- 


Signature Signature Signature Signature The Display Twice. The Decimal Point Connect The CLOCK The Si ation Of Latch A1U58 And Output Buf- 
8 5APG 1 3F5A 02C2 Accompanies The Character On The pie “ — ssa At A UBS Pins fers A1U59 And U60 Have Not Been 
9 CUA4 2 Probe Tip Blinks 895P Second Strobing Sequence. Also, In The Chassi os N id 7 e 346 6464 NO Checked. 
10 | 4F88 3 | 6144 CF21* Least Significant Digit, The Decimal = SSIS: 3 real 7 igh A1U57 Or A1U58 Gate A1U61 Or Inverter 
4 | Probe Tip Blinks U65A* Point Is Lit On Each Strobe. The Only Serius | naly.zer COnto AGM Key A1US2. 
vag 1. | 6eHet 5 | as74 4P3H Meaningful Displaying Of The + And - = is Peouwed 
2 6464+ 6 F45A 7AAU* Signs Is Before The Number O And 1 Go To The HP-IB Trou- 
7 PACP FOA4 Start Their Display Sequence. The Time bleshooting Procedure 
4 Probe Tip Blinks Required To Run The Complete Test +5 V: 02C2 bias 
5 B3AAA 9 5381 HA33 Is 3 Minutes. Press And Hold The Front —————— The Signature NO The Signature YES 
6 3818 10 | 1P93 86C7 Panel LOCAL Key. At A1U61 Pin 2 At A1U61 Pin 5 Gate A1U61. 
: 11 74AP OC52* 1H8A? 1U38? 
U50 1 66H6Tt 12 | OPF4 inte YY eerie 1 
* At A1U58 Pin 
; ae 18 | Stez H8CH* 6464 When NO Gate A1U50, Inverter YES NO 
4 | 401Ftt us7. 1. | 330H** 58P8 Is The LOCAL A1U49 Or A1US8 
5 6464t F preg The Signature NO The Signature YES sec soni Key Is Pressed input Latch ATUBT G 
6 | 42aPtt 4 | 6464+ 02C2 At A1US7 Pin 14 At A1US1 Pin 15 A281, A2W2, Or A1U57 Hemove The ‘Gtip Laud. sae ate ate 
6 6464+ 3H62 6464? 6464? : 
a 8 | 401F 7 | 6464+ il = 
9 | 42AP 9 | 6464t Ussr YES NO 
10 42AP 14 | 401Ftt AES 
11 66H6t aa i 
12 | S4esr Us8 -3_—| 6464 While Observing A1U57 agai Uee Ban 22 Do 
4 6464t CH2H Pin 14 With The Signature a 6F34 Whe NO Gates A1U50 Inverter All Front 
U51 2 «| 42AP 6 | 6464t PoP? Analyzer, Press Each Of The Device YES : A1U49 Or A1U58 Panel Enunsiatoré 
: el 1] | Sankt * The Math Entry Keys Select Signature Input Latch A1U51 yh as ‘ err a 
4 | U65A* 13 | 6F34t 0cs2 trices Marked (no las At A1US1 Pin 9 Is Pressed ate tree a Use Schematic No. 11 And 
5 | 31CcU 2851 AR THR GORE Koel F541? TERMINAL) bight’ (NG The Display Signatures 
6 7AAU* U59 3 UP6C SUAQ" : YES ssa nities Table To Troubleshoot 
7 3AAA 6 2H84 che NO rime ied The Enunciator Circuitry. 
8 | F400 With The Other 
9 F541 11 | 543C 02¢2 Halt.) 
- Ai Uso 3 3071 766P Go To The Device Select The ee NO The Signature NO Input Latch A1U51 Or 
12 1U38 6 u478 CF21* Troubleshooting Pro- At A1U shy 1 At A1U51 Pin 7 Inverter A1U49. 
13 6UAO* 8 55H6 U65A* cedure. 3818? 3AAA? 
14 H8CH* 11. | 9A99 26PP VES 
15 | 6464 7AAU* ES TES 
U62 1 FU84 O86F 
2 | CUA4 1s 
U52 5 02C2 
6 4F88 U395 The Signature Is Connect A Clip Lead Be- 5 
sd m8 7 5SHAF FO6P 330H When NO The Signature NO Input Latch A1U51 Or tween The Junction Of ee ples eae 
8 0000 Oc52* Each Key Is ; At A1U51 Pin 5S A1U53. A1C41 And A1R43 (Pin 1 
9 | o2c2 ae ee O50C Pressed 31CU? Of A1U61) And Chassis 
10 6G6H6t 4 rite oe ? a Ground. 
11 6464t 12 6863 2867 YES 
12 | 02C2 13. | UBA4 3455-D-2I 
| ee 14 | 5AP6 A29F ; AAI. So 
15 | P579 P579 While Observing A1U57 NOISES Oo: Sw IReltes 
U538B 330H 6863 Pin 14 With The Signature a Pail as 
$28 Cable A2W2 Or 
9 31CU U63 2 6757 U5A4 Analyzer, Press Each Of Al U57 
3 Cr21* The Remaining Keys : 
Us 2 =| SRAF 4 | U65A* 904A Except The LINE And 
2 | ae ea ei CURR Ker 
5 FU84 7 | 35FA me Figure 8-H-26. Outguard Troubleshooting Procedure Diagram, 
6 1P29* Display Circuitry. 
7 CUA4 9 AC4A 
9 | AC4A 10 | 54A7 8-131/8-132 
10 4F88 11 | 0C52* 
11 U478* 


The Signature Analyzer controls 
should be set as follows for this test: 


Check The Signatures At 
The Following Points: 


Use The Clip Lead To 
Short The ATN Input (J3 


Are 


YES Pin 11) To Chassis Ground. 


Be Certain That: The Test These Signatures 
The following signatures are for the outguard HP-IB circuits. The LINE ss 4 se cee van ON (IN) Jumper On The A3 Assem- ee Location Signature 
signatures are taken with the start/stop inputs of the signature oly werent rr pe bly Is Disconnected, The ? Is A1U9 
analyzer connected to A3TP4,. 00 EAE gw wn en ns Plug Is Disconnected From The Signature YES The Signature YES The Signature NO The Signature YES O ; 
: tput Buffer A1U15 O Pin 2 27UU 
CLOCK......++. Wea al A1J7 And The HP-IB Ad- NO At A1U16 Pin 9 At A1U16 Pin 12 At A1U15 Pin 9 At A1U13 Pin 9 eon AIL ie ped Pind Gens 
NOTE See cepeee ae te dress Switches Are All Set 6725? 9668? 4FFC? P6US? : Pin9 P6U5 
tee ewe To The ‘0” Position. Turn Pin 15 709H The Signature NO Inverter A1U3 Or Output 
*To obtain this signature, a 10 K resistor must be The Instrument ON. Check The Signatures At NO NO YES NO At la Buffer A1U15. 


The Following Points: 


connected between the 5 volt TP and the probe tip of 
the signature analyzer. 


YES 


Bus Transceiver A1U9, 


Location Signature : 
To check for proper logic tracer connections verify Connect The Si A1U18 . : Gate A1U13 Or Inverter ue 
i gic gnature : The Signature NO The Signature NO These Signatures NO 
scree Gea signature of +5 V test point is 79FU. Analyzer START And Pin 1 earn At A1U14 Pin Latch A1U11 Or Gate At A1U14 Pin 2 re = ee ae ioe A1U10. rr Bus Transceiver A1U9. 
STOP Inputs To A3TP4, Ping OTP 9H17? A1U14. 9U3A? rU14. ; Use The Clip Lead To 
Connect. The CLOCK Pin 12 2952 Short The REN Input (J2 
Pin | Signature Pin | Signature Pin | Signature Pin | Signature Pin | Signature Input To A3TPS And The A1U17 YES YES YES Pin 16) To Chassis 
Ground. 


Pin 1 1P03 
Pin 4 HC7A 


Output Buffer A1U15, 
Inverter A1U10 Or Gates 


GND Input To Chassis. 


The Signature NO 


U7 3 79FU (See Note 1 For Signature : ‘ 
4 79FU Analyzer Control Settings.) oe a este Sid cs ae A1U2 Or U7. Check The Signatures At 
5 79FU 0 |! 709% The Following Points: 
6 0000 The Signature YES Output Latch A1U16, The Signature YES Output Buffer A1U16, | 
8 A725 At A1U14 Pin 10 Gate A1U14, Or Inverter At A1U14 Pin 1 Gate A1U14 Or Inverter YES Location Signature The Signature NO Inverter A1U3 Or Output 
10 77H9 us 1 F509 27UU? A1U10. OOF8? A1U8. aAtis At A1U34 Pin 12 Buffer A1U15. 
12 2A3P 2 CFF6 +5V: 79FU Use the Signature Analyzer Are Pin 2 69H7 FC1U? 
14 79FU 3 9668 To Check The Signatures These Signatures YES NO NO Pin 7 A2C5 
4 PUA7 At The Following Points: Carrect Is Pin 9 67FF YES 
U2 1 3504 5 5P30 The Signature : 
2 OFFS 6 27UU ; ; ? At A1U15 Pins 1 NO.| Output Buffers A1U15, Pin 15 5122 
Location Signature Alls, 
And 5 And U18 Latch A1U 
d ner 3 BGG A1U34 mo The Signature NO Bus Transceiver A1U9 The Signature \_YES A1U18 Pin 5 Inverters A1U3, U8. Sores ae _ Caney 
4 1682 9 A8A9 : i ’ : Bus Transceiver A1U9 Or ' Analyzer Probe To A1U18 
Pin2 6P03 At A1U9 Pin 3 Gate A1U13 Or Inverter At A1U13 Pin 6 0000? " 
5 FF71 10 27UU u1g8 1 CH2H Gate A1U14. Pin 5. 
Pin5 40CF 5P30? A1U8. 7907? Are 
6 0952 11 5P30 Pi 7F46 Pin9 2A3P These NO 
8 A8AQ9 12 79FU 3 6P52 . Are YES : 5 
9 H166 13 0000 4 CFFE Pin _ 77H9 a YES NO Signatures Bus Transceiver A1U6. 
1 F AS At The Followin Correct? 
0 79FU 5 0000 Pin 2 6P52 enc - Does 
12 | yoru 3 | 530 s || oes i ae eNAIUIS YES pliant 
8 6725 Pin9 A725 p The Signature YES 1 A1U7 Tip Blink +t A1U18 
5 7907 11 OA1A Bin? OIPE NO Latches A1U19 Or U20 ACA oa rite Nn a nies a ae : a ne ae rae 79FU? Check The Signatures At Ground Is A1U3 And A1U8 Or A1C1 
. r s . 
U3 1 0000 6 7907 12 2952 Pin10 390F TOFU : The Following Points: Removed And A1R11. 
2 79FU 7 OOF8 A1U20 NO From The 
3 0000 9 P6US U19 2 CH2H Pin2 1018 YES YES Location —_ Signature REN Input? 
4 79FU 10 9U3A 3 CHC4* Pin5 HC7A A1U12 
5 0000 11 QU3A 4 6COP* Pin? 1P03 Output Buffer A1U16, Pin 2 F4P2 YES 
6 79FU 13 0952 5 2952 Pin10 28PH Gate A1U14 Or Inverter Latch A1U4, Inverter Pin7 509H 
. _— 1S aOPH 6 A43P* A1UB. The Signature YES AVS Or Gee ANU: Ping P823 
9 TOFU U10 1 CS5CP 7 91PF At A1U8 Pin 8 Gates A1U2 Or A1U13. Pin 15 40F3 The HP-IB Circuitry Appears To Be 
10 0000 2 FRF71 9 88H7 YES H166? Working Correctly. If The Problem Still 
11 79FU 5 9U3A 10 390F Exists: Check To Be Certain That The 
12 0000 6 P6U5 11 129C* NO i Proper Procedures (Inguard Or Out- 
13 79FU 8 709H U20 2 1018 Bus Transceivers A1U6 Bra guard) Have Been Performed, Trouble- 
U4 2 0000 9 0952 3 0c93* And U12 Or Output Buf- These NO Pel Rly ard elapse 
3 F509 12 925F 4 CP65* fers A1U17 And U18. Signatures Bus Transceiver A1U12 cuitry On The ssembly And The 
Latch A1U11 Or Inverter Circuits Listed In The Troubleshooting 
4 79FU 13 PC93 5 HC7A Correct? ; 
A1U8. Procedures Which Have Not Been 
5 0000 U11 1 79FU 6 F517* Thorough! 
ghly Checked. 
8 79FU 2 5P30 7 1P03 ea 
9 0000 3 CHC4* 9 88H7 
10 79FU 4 6COP* U15 1 0000 10 28PH 
11 | Fs09 5S pt 2 CFF6 11 | 6PO3* Use A Clip Lead To Short 
6 A43P 3 40CE The IFC Input (J3 Pin 9) 
U6 2 69H7 7 F2CA 5 0000 To Chassis Ground. 
3 1018 9 8AH5 6 77H9 
4 1018 10 A8A9 8 2A3P 
5 HC7A 11 129C* 9 4FFC 
455-D- 
6 HC7A 12 9H17 11 A725 3455-D-22 
7 A2C5 13 0c93* 13 709H , 
9 67FF 14 F517* Mes iy ae NO co Pre oo 
10 1P03 15 C5cCP At A1U in atc - nverter 
U16 1 79FU CHC4? A1U3, Or Gate A1U7. 
11 1P03 5 CFF6 
12 CC75 3 6P52 
13 | 28PH 3 6725 YES 
15 5122 9 PC93 
11 OAIA 
12 9668 . F ‘i 
Figure 8-H-27 Outguard Troubleshooting Procedure Diagram, 


HP-IB Circuitry. 
8-133/8-134 


AVERAGE _ RESPONDING 
JAC CONVERTER PI 


Al3 


CONVERTER @ 
AMPLIFIER 
(SEE PARA 8-61) 


INPUT 
o ATTENUATOR 


I 
| 
| 
| 
| 
! 
I 
! 
I 
| 
1 TRUE RMS CONVERTER 
| 

| 


AIS 
TO 13 


(OPT OO!) INPUT 
o ATTENUATOR 
(SEE PARA 8-5!) 


INPUT 
AMPLIFIER 
(SEE PARA 8-52) 


INGUARD MOTHER BOARD 


CLOSED ON elVde 
THRU 10Vdc & ALL 
OHMS RANGES 


(SEE PARA 8-60) 


RECTIFIER & 
FILTER 
AMPLIFIER 
(SEE PARA 8-63) 


IVRMS FULL 


TPS / SCALE OUTPUT 


ABSOLUTE 
VALUE AMR 
(SEE PARA 8-53) 


SQUARING 
AMPLIFIER 
(SEE PARA 8-54) 


QUTPUT 

BUFFER 
AMPLIFIER 
(SEE PARA 8-64) 


F 
TP3 


wa TPl 


1 
ALE OUTPUT = 60666 7Vdc 
| 
FROM Al3 
(OPT OO!) 


SQUARE ROOT 

& AVERAGING 
AMPLIFIER 

(SEE PARA 8-55) 


DC PREAMP 


Kl 
INPUT OVERLOAD 
HI - - 7 5 1] —>) PROTECTION 
| =) 
[LO] + 6 
R35 ¥ 
4 78 B a. 
ee CLOSED ON I00Vde a 
te) & !000Vde RANGES REF 
FROM All 
| K2 | 
| } ; 
i= 4 l00vde & 1000Vde REFERENCES AUTO-CAL elVdc, Vdc, 
| SWITCHING 
(SEE PARA 8-I9 
or THRU 8-46) 
CLOSED ON 
2 WIRE KQ a 
FUNCTION 
~~ UNCTIO FROM 
7% SWITCH 
' SIGNAL 4 cers 
HI CH | ° PS ] ry 
LO I o sd ae ON R63 
2 WIRE KQ 1OM OPERATIONAL 
& 4 WIRE ATTENUATOR 
Vv KQ. FUNC- (SEE PARA 8-I7) 
TION 
FROM 
SWITCH 
| DRIVE 
CIRCUITS 
| 
fo) 
e7mA 
(eIK-100K2) 
o7uA 
(IMQ ,1OM2) 


a ® 


CURRENT 
SOURCE 
(SEE PARA 8-70) 


VOLTAGE 
LIMIT 


(SEE PARA 8-7!) 


(OVde REFERENCES 


10OKN 


INPUT 
SWITCHING 


A/D WAVEFORM 


VOLTS/DIV 
200 ' 


FUNCTION OV eee 
AUTO -CAL ----~- 

HIGH RESOLUTION 

TRIGGER - INTERNAL 

RANGE - --10 

MATH - --- - OFF 

-l0Vde APPLIED TO THE INPUT 


TPI 


INPUT & 
REFERENCE 


DC PREAMP. 


THRU 


elKQ THRU IOKQ 
REFERENCE 


KO 
CLOSED ON 
2 WIRE KQ & 
4 WIRE KQ sill 
FUNCTIONS 


(SEE PARA 8-73) SWITCHING 


(SEE PARA. 8-93) 


A/D CONVERTER 


SLOPE 
AMPLIFIER, 


(SEE PARA, 8-97) 


TPI 


INTEGRATOR 
(SEE PARA. 8-96) 


ABSOLUTE 
VALUE 
AMPLIFIER, 
(SEE PARA. 8-100) 


FEED BACK 
CIRCUIT 
(SEE PARA 8-79) 


SWITCH_ BIAS 
AMPLIFIER 
(SEE PARA 8-8!) 


— 


TPs @ 


FROM 
SWITCH 
DRIVE 
CIRCUITS | 
+VREF 
Gude) INVERTER 


| REFERENCE 
ASSEMBLY 
VOLTAGE | 


| REFERENCE 
( 


= — | 


+—@TP’ 


~VREF 
(-l0Vde) 


TO AUTO-CAL 
INPUT SWITCHES 


TIME/ DIV 
Smsec 


POLARITY. 
COMPARATOR 


(SEE 


PARA, 8-99) 


1OV DETECT 


(SEE 


(SEE 


COMPARATOR 


PARA. 8-I01) 


V DETECT 
PARATOR 
PARA. 8-102) 


ZERO 
DETEC 
(SEE PARA. 8-112) 


CONTROL LINES 
(DC® - DC3) 


loca. INGUARD 


OUTPUT 
LATCHES 
(SEE PARA. 8-114) 


PROCESSOR 


DEVICE 


(DS®-DS3) 


ROM 
(SEE PARA, 8-113) 
DEVICE 
SELECT 


PROCESSOR 
DATA BUS 
(D@-D7) 


c 
(SEE PARA. 8-110) 


TRANSFER 
CIRCUIT 
(SEE PARA, 8-108) 


OUTGUARD MOTHER BOARD 


MAIN CONTROLLER 


INTERRUPT 


MAIN 


PROCESSOR 


PROCESSOR DATA BUS D@-D7 


ROM 
CIRCUIT 
(SEE PARA. 8-119) 


DEVICE 
SELECT 


CIRCUIT 
(SEE PARA, 8-130) 


DISPLAY 


DISPLAY 
(SEE PARA. 8-173) 


os 


1976 BY HEWLETT-PACKARD COMPANY 


COPYRIGHT 


CIRCUIT 
(SEE PARA. 8-123) 


Bit 
CIRCUI 
(SEE PARA. 8-127) 


FRONT 
PANEL 
SWITCHES 
(SEE PARA 8-170) 


IT 


EXTERNAL! 
O- —o— TRIGGER | 
UNPUT _ | 
| 
| 
ie 
IR 
SWRERES 
| (SEE PARA 3-42) 


Hp-1P CONNECTO 
i ; ECTOR 
(SEE PARA, 8-141) (REAR PANEL) 


3455-E-14 


Figure 8-H-28. Detailed Block Diagram. 
8-135/8-136 


A 


SER. NO. 1622400410 
AND BELOW 


BPeecen 


fo 
es 


ro fo & 


Ag Part S1 is a reed switch which is used as a voltage breakdown device. 
This part is used on 03455-66510 Rev. B assemblies only (serial 
numbers 1622400410 and below). 


SER. NO. 1622A00411 
AND ABOVE 


15V SUPPLY JI 


A10 
03455-66510 
Rev. C 


A10. Component Locator Table. 
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Component Col Component Col Component Col Component | Co! } Component | Col Component Col 
| - 2 
cl B CR1-2 B JI c-D ai-5 Cc R1 A $1 A 
23 c 3-5 Dd 2 E-F 6 Dd 2 B 
4 D 6 E 3 A 7-9,11 E 3-4 Cc T1 B 
5-6 E 7-8 f 4 B-C 12 F 7-9,11 ie) 2 F 
7-9,11 E 9,11 B 5 E 13-16 Cc 12-19 E U1-4 D 
12 B 12-13 18) 17-18 c-D 21-27 F 5-6 E 
13-15 Cc 14 E 19, 21-22 Oo 28-29, 31-37 B 7 F 
16 D 15 F 23-29 E 38 c 8 c 
17 A 16-17 B JM1-2 F 31-32 F 39, 41-44 19) 2 12) 
18-19 E 18-19, 21-22 Cc 3 Dd 33-36 B 45 E 1 Cc 
21-22 A 23 F 37-39 A | 46 F 12-13 dD 
23-25 B 24 B K1-2 A 40-41 B 47 B 14-15 E 
26-27 Cc 25-26 Cc 3 B 42-43 E | 48 c 16-17 P 
28-29, 31 dD 27-28 A 45 A 44-45 A 49 c-D 18 B 
32:34 E 29, 31 Cc 6 B 46 B 51-58 B 19 Cc 
35-36 F 37-39 12) 7 A-B 59, 61-62 Cc 21 1) 
37-39, 41-49 ic 41-42 12) 8 B 63 AB 22-23 F 
45 dD 43-44 A 9 A-B 64-65 A 24 c 
46 B 45-47 B 66-69, 71-72 B 25 D 
47 c-D 48-49, 51-56 Cc L1 A 73 Cc 26 E 
48 D 57-58 A 74-78 D 27-29, 31-35 F 
49 E 59 B 79, 81 F 36 B-C 
51 P 61-64 Cc 82-83 B 37 c-D 
52-53 B 65-68 Dd 84 18) 38 ie) 
54-57 c 69 F 85 A 39 D-E 
58-59, 61 19) 71-72 D 86-89, 91-92 B 
62-63, 65 E 93-96 E W1 F 
66 F E1 A 97-99 F 
E2 (Below KQ) A-B 101-102 B | F 
103 Cc 
104-105 iB) 
106-107, 111 (=, 
108-109 F 
Aa __ For instruments with serial numbers 1622A09090 and below, FETs Q3, 04, Q15, Q16, 


Q18, Q19, Q21, Q38, and Q39 had Part No. 5081-7047. These FETs, including FETs Q1 
and Q2, had their cases connected to the Gate Bias (G.B.). Also, Q13 through Q16 had their 
Sources (S) and Drains (D) connected to the circuit in the reverse order. When replacing any 
of the above FETs, use the replacement part number in Table 6-3. 


Serial numbers 1622A01806 and above replaces C4: 0160-0154 (.22 uF) 
RN: 0683-2025 (2 K) 


The new values improve stability in the X2 6AN configuration. 


NOTE 


The Offset Adjustment is made by connecting a resistor between 
the unlabeled lead and either the “+” or ‘-” lead. Refer to Section 


V for the Offset Adjustment Procedure. 
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Figure 8-H-30. Average Responding AC Convertor Schematic. 
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(Instrument Serial No's 1622100905 and below) 


C37, C38 and R97 have been added and the value of A15R59 has been changed from 
10 kQ to 100 kQ@ to eliminate transients during auto-ranging which cause inaccurate ‘‘first’’ 
readings. (Instrument Serial No’s 1622A00906 and greater.) 


R89 has been made a “‘selected’’ value to improve the accuracy at 1 MHz. (Instrument a a er ee ae ee ee eee ee eens 
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Serial No’s 1622A00101 and greater.) 5 MOTHER BOARD TRUE RMS CONVERTER ANTILOG 8 INTEGRATOR i 
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MOTHER BOARD 
03455 - 66510 


C36 and R96 have been added to reduce offset at elevated temperatures. (Instrument Serial 
No’s 1622A00906 and greater.) 
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Relay K3 has been changed to a different type to prevent arcing during auto-ranging when en; 


1000 V is applied to the input. (Instrument Serial No’s 1622A00906 and greater.) 


NORMAL AC 


The values of potentiometers R72 and R75 have been decreased to improve the 
temperature stability of the input amplifier circuity. The value of resistors R81 and R85 have | 
been increased to center the pots. Previous values were: R72, 200; R75, 2K; R81, 5.11K; | 
R85, 562. These changes have been made on instrument with Serial No’s 1622A00906 
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The following component changes have been made to improve the down-scale linearity of 
the RMS converter: R17; from 2 kQ to 5 kQ. R23; from 68 kQ to 100 kQ. R25; from 25 kQ to 
100 kQ. R51; from 100 2 to 200 2. R52; from 10 kQ to 20 kQ. R53; from 5 kQ to 10 kQ. 
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Serial numbers 1622A03136 and above. Improved specifications on U3 and U1 make the Lveg 
expanded offset adjustment range no longer required. R18 and R31 were changed from part ¢ id 
number 0698-4540 (412 K) to 732 K to reduce this range and improve stability. 


R66 was changed from 200 K (0683-2045) to 16 K (0683-1635) to improve the first 
reading after switching from the 10 V range to the 100 V range. 7 lov Wg 
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C33 was changed from .1 uF (0160-3581) to .22 uF (0160-3986) to improve accuracy at 
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following: 


Part No. 


0140-0198 
0160-2257 
0160-2257 
0106-2200 
0698-8350 
0698-4447 

0757-0433 

0757-0442 

2100-3095 
0698-8964 


3455 -J- 4712 


COPYRIGHT 1976 BY HEWLETT-PACKARD COMPANY 


Figure 8-H-31. True RMS AC Convertor Schematic. 
Rev A 8-141/8-142 


Delete C41, R100, R101, and R102, and connect the base of Q98 to ground. 
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K9 IS CLOSED DURING REFERENCE MEASUREMENT 

K2 AND K4 ARE CLOSED DURING 2-WIRE KQ MEASUREMENTS 


K3 IS CLOSED DURING 4-WIRE KQ MEASUREMENTS 


The value of resistors R7, R8, R16, and R17 have been changed from 4.99 kQ to 10 kQ to 
properly bias differential amplifiers Q1 and Q5, These changes have been made on instruments 
with Serial No’s 1622A01056 and greater. 


The value of resistor R7, R8, R16, R16 have been changed from 10 K (0757-0442) to 4.99 
K (0698-3279) and C3 has been changed from .039 pF (0160-0164) to .0047 uF 
(0160-0157) to eliminate first reading errors. These changes have been made on in- 
struments with serial numbers 1622A04831 and above. 
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A Serial Numbers 1622A016956 and above A20 replaces all, part number 03455-66511. 


Aa Serial numbers 1622A02106 and above replaces 0160-0820 (.05 UF) as frequency compensation 


to supress U2 Oscillations. 


Ag Replaced with A20 assembly only for serial numbers 1622A05871 and above. 
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Figure 8-H-34. Analog-to-Digital Convertor Schematic. 
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C32 has been changed from 2.2 pF to .22 uF to eliminate double entry of front panel keys. 


C46 applies to serial numbers 1622A01506 and above. C46 serves to reduce turn-on noise 
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Figure 8-H-37. HP-IB Schematic. 
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Component Col Component il Col Component Col Component ‘ Col Component Col Component Col 
T + T + — 
C1-5 A CRI B Jd A Qi-2 A R1-7 A U1-5 A 
6-9 B 2-9 c 2 Bc | 3-6 B 8-9 B 6-11 B 
11-12 B 11-13 D 3 B | 7-8 & 17-19 A 12-26 Cc 
13-14 Cc 14-15 E 4-5 ie) 3 F 21-28 B 27-32 ie} 
16-17 Cc 16 F 6 D-E | 11-18 G 29, 31-33 Cc 33-48 E 
18-19 Dd 7 F 34-35 dD 49-63 F 
21 12) 8 F-G 36 Cc 64-71 G 
22 D-E 9 G 37-39 E 
23-29 E 41-44 i= 
31-33 E 45-49 F 
34-39 F 51-59 F YI NF 
41 F 61-63 & 
42 G JM1 F-G 64-67 G ’ 
43-44 FE 2 F 68 ¢ 
46 c-D 3 D 69 F 
1 F S1 A 
I | J | 1 : 


8-158 


A B 


SER. NO. 1622400410 
AND BELOW 


- CiI5— 
comme me 
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SER, NO. 1622A00411 


e5A FOR 110/120 OPERATION 


INGUARD_MOTHER BOARD 


1O | 03455 - 66510 


+38V TO+44V 
CR52 crag TPI4 TP+30 
+ +30VE5% 
RIO3 
4.7K 
%, ¥ 
CRE 
6.19V Wcra4 
ca, -38v TO-44v L 
‘i <Ol TPIS CRES TP-24 
A 3 6219V 
ae £ u37 < —24v+ 5% 
+ C56 
47.5V Te ; : 
z 2 2 V CR43 
GUARD +29.3V 
TP+9 TO J3(Il) 
CR67 C ) 


+19,5V TO +23.5V 
CR53 TP12 


se “Gey—t +9V. 
* 


SHOULD BE 


°25A FOR 


220/240 OPERATION 


AD 


i a ae 
cél 


. —~RIOB- —RIO9- 


3455-c - 4596 
A10 
03455-66510 
Rev. C 


For instruments with Serial Numbers 1622A10175 and below, the Gate Bias Voltage (G.B.) 
of the inguard nanoprocessor (A10U26) may be at a different value for different processors. 
It was necessary to select the correct voltage by padding R105. since all the new processors 
require the same gate bias voltage (— 5V), selection of R105 is not necessary. 


A10. Component Locator Table. 


if oO | 
[componen Col Component Col Component Col o | Component Col Component Col | Component Col 
— T a i 
ci B CR1-2 B JI c-D ai-5 Cc R1 A S1 A 
2-3 Cc 3-5 13) 2 E-F 6 D 2 B 
4 dD 6 E 3 A 7-9,11 E 3-4 Cc T71 B 
5-6 E 7-8 F 4 B-C 12 F 7-9,11 13) 2 F 
7-9,11 F 9, 1 B 5 € 13-16 Cc 12-19 E U14 dD 
12 B 12-13 dD 17-18 c-D 21-27 F 56 E 
13-15 | ¢€ 14 E 19, 21-22 Dd 28-29, 31-37 B z F 
16 D 15 F 23-29 E 38 c 8 c 
TW \ A 16-17 B JM1-2 F 31-32 F 39, 41-44 io) 3 ie) 
18-19 ) € 18-19, 21-22 Cc 3 ie} 33-36 B 45 E 1 Cc 
21-22 A 23 F 37-39 A 46 F 12-13 D 
23-25 B 24 B K1-2 A 40-41 B 47 B 14-15 E 
26-27 Cc. 25-26 Cc 3 B 42-43 E 48 Cc 16-17 F 
28-29, 31 12) 27-28 A 45 A 44-45 A 49 Cc-D 18 B 
32-34 E 29, 31 Cc 6 B 46 B 51-58 F 19 Cc 
35-36 F 37-39 12) 7 A-B 59, 61-62 Cc 21 dD 
37-39, 41-49 Cc 41-42 Dd 8 B 63 AB 22-23 F 
45 D 43-44 A 9 A-B 64-65 A 24 G 
46 B 45-47 B 66-69, 71-72 B 25 |' Bo 
47 cD 48-49, 51-56 c uu A 73 c 26 le 
48 D 57-58 A 74-78 13) 27-29, 31-35 F 
49 (3 59 B 79, 81 F 36 B-C 
51 F 61-64 Cc 82-83 B 37 c-D 
52-53 B 65-68 ie) 84 19) 38 D 
54-57 Cc 69 F 85 A 39 D-E 
58-59, 61 D 71-72 ie} | 86-89, 91-92 B 
62-63, 65 E 93-96 E Wi F 
66 F —1 A 97-99 Fi 
E2 (Below KQ) A-B 101-102 B YI F 
103 & 
104-105 dD 
106-107, 111 E 
| 108-109 F 


® 9.38V+t 5% 
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To 4° 
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Figure 8-H-39. Power Supply Schematic. 
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Model 3455A 


APPENDIX A 


A-1. INTRODUCTION. 


A-2. The following section of this manual gives some remote programming (HP-IB) examples for 
the 3455A. These examples are given in the HP Basic (-hp- Model 9830A/B Controller ), HPL (-hp- 
Model 9825A Controller), and Enhanced Basic (-hp- Models 9835A/B and 9845A/B) Controller) 
languages. 


A-3. For effective program writing, it is advisable to write a good algorithm first. Then write the 
3455A program using the HP-IB information in Section III of this manual and the appropriate con- 
troller manual. Most -hp- controller manuals have a summary of the HP-IB messages (usually in the 
HP-IB section) in a tabular form. These messages are written in the respective controller languages 
and are given as sample HP-IB operations. This information and the following program examples 
can be very helpful when you start writing programs for the 3455A. 


A-4. Program Example #1: In this program example, the 3455A is set up to take 50 readings quickly 
(with Auto-Cal off) and stores them into an Array. Each reading is printed out after all the readings 
have been taken. The 3455A is then set back to the Auto-Cal mode to insure accuracy. The programs 
in this example perform basically the same functions using different languages. The first program in 
this example is written in the HP Basic language, the second in HPL, and the third in Enhanced 
Basic. 


Example #1 (HP Basic). 


Set DVM to DCV (F1), Autorange (R7), Hold/Manual (T3), 


Auto-Cal Off (AQ) and Data Ready Off (DQ). 
Begin For...Next Loop 


Address DVM to Listen, Controller to Talk. 
Format the Output. 
igbsn sie eT 
Set DVM to Talk. 
Format the Output (reading). 


uf [ 1—————— Enter the Ouepet into Variable. 


Begin For...Next Loop. 
Print the Entire Array. 


d a Complete For...Next Loop 


SS 
Ends the Program. 


Appendix A 


Appendix A Model 3455A 


Example #1 (HPL). 


Assign Name to the DVM Address. 


Se ees Dimension the Array. 


Set DVM to DCV (F1), Autorange (R7), Hold/Manual (T3), 
“A RLEL TLE ees Cal Off (A®), Data Ready Off (DQ) 


iar +, Sean DVM (GET). 


ak <r 
td Enter the Reading into Variable. 


hum" ys "Alm eto For...Next Loop. 

aa ee : - é 

Auto-Cal on to Maintain Accuracy. 
ae ee Format the Output. 

Begin For...Next Loop. 
Print the Entire Array. 
Complete For...Next Loop. 
Clear the DVM (set to turn on state), (SDC). 
‘Advance Printer 3 Spaces. 


Ends the Program. 


Choose Option Base for Array (see Note). 
Dimension the Array. 
Use Variable for DVM Address. 


Set DVM to DCV CED, Autorange (R7), Hold/Manual (T3), 
“| =~ Auto-Cal Off (AQ), and Data Ready Off (DO 4 


Begin For...Next Loop. 
Tp oe DVM (GET). 


Tiaayy a Weed tea HH OT epee: 
a ‘Enter the Reading into Variable. 


Complete For...Next Loop. 


Auto-Cal on to Maintain Accuracy. 


Format the Array. 


Print the Entire Array. 
Ends the Program. 


Note: Refer to Controller Manual for Explanation of Option Base 


A-5. Program Example #2: When the 3455A is in the Binary mode, another feature called the 
“‘Learn Mode”’ can be used. With this feature, the set-up of the instrument (F1T3, etc) can be learned 
by the controller to be used later on in the program. This can be accomplished by sending the 3455A 
an ASCII ‘‘B’’ in the Data Mode and reading the next four bytes output by the instrument into a str- 
ing variable. The instrument can then be reprogrammed to the previous set-up by using the string 
variable instead of program codes. It is important to remember to program the 3455A into the Binary 
mode by sending an ASCII ‘‘B’’. The instrument can transfer its set-up information to the controller 
in the Binary mode only. The following programs show how the ‘‘Learn Mode’? feature can be used. 
These programs are written in the HP Basic, HPL, and Enhanced Basic languages. 


A-2 


Model 3455A 


Appendix A 


Example #2 (HP Basic) 


I" ie r P i y 
ks FT) 


Dimension Variables. 
Store 20 into ‘‘Y’’and -69100 into ‘’‘Z’’ Registers of DVM 


Set DVM to DCV (F1), Scale (M1), Hold/Manual (T3), High 
Resolution Off (H®), Auto-Cal on (A1), 10 V Range (R3), 
and Binary Program (B). 


Address DVM to Listen. 

Format the Output. 

Enter Output into String Variable. 

Enter First Four Characters of Output into String Variable 


2 Set DVM to ACV (F3), Math Off (M3), and Autorange on 
: (R7). 


Begin For...Next Loop. 

Address DVM to Listen, Controllor to Talk. 
Format the Output. 

Trigger the DVM (GET). 

Set DVM to Talk. 

Format the Output (reading). 

Enter the Output of the DVM into Variable. 
Complete For...Next Loop. 


ae Controller Operation without DVM. 


Set DVM to Listen, Controller to Talk. 


Format. the Output, 


Fn det EY 


.—— Trigger the DVM (GET). 
ee Set DVM to Talk. 


Format the Output (reading). 
Enter Output into Variable. 


Begin For...Next Loop. 

Format the Default Printer. 

Print the Entire Array. 

Complete For...Next Loop. 

Skip a Space on Default Printer. 
Format the Default Printer. 

Print Value in Variable. 

Skip a Space on Default Printer. 

Skip a Space on Default Printer. 

Set DVM to Listen, Controller to Talk. 
Format the Output. 

Clear the DVM (set to turn-on state), (SDC). 
Ends the Program. 


Appendix A Model 3455A 


Example #2 (HPL) 


Dimension Variable. 
Assign Name to the DVM Address. 
Store 20 into ‘‘Y’’ and -69100 into ‘‘Z’’ Registers of DVM. 


Format Output. 


Set DVM to DCV (F1), Hold/Manual (T3), High Resolution 
ei ae (H@), Scale (M1), 10 V Range (R3), and Binary Program 


Reformat to Turn-On Condition. 


Begin For...Next Loop. 
Trigger the DVM (GET). 
Enter Output of DVM into Variable. 


foe 


Lin Complete For...Next Loop. 
Toe ae 


Format Output. 
Local Controller Operation without DVM. 
i ag Sy Sf ———=Set-up DVM to Binary Information in String. 


 ——_$__ Trigger the DVM (GET). 


‘| ——__ _+________________ Enter Output into Variable. 


omplete For...Next Loop. 

ormat the Default Printer. 

rint Value in Variable. 

lear the DVM (set to turn-on state), (SDC). 
Advance Default Printer 3 Spaces. 


Ends the Program. 


Model 3455A Appendix A 


Example #2 (Enhanced Basic) 


ee ema brat Option Base for Array (see Note). 
| ee the Array. 

rae HT a 

del 


Use Variable for DVM Address. 


2 1 Store 20 into “*Y’’ and -69100 into ‘’2’’ Registers of DVM. 
Format the Output Statement. 
AGF 1 TS 7 OSH P| Rok fySet DVM to DCV (F1), Hold/Manual (T3), High Resolution 
Off (H@), Scale (M1), 10 V Range (R3), and Binary Program 
(B). 


Enter Binary Characters into String. 

Set DVM to ACV (F3), Math Off (M1), and Autorange (R7). 
Begin For...Next Loop. 

Trigger the DVM (GET). 

Enter Output of DVM into Variable. 


Tay oe a 


Complete For...Next Loop. 

Local Controller Operation without DVM. 
Set-up DVM to Binary information in String. 
Trigger the DVM (GET). 


Format the Output. 
ee ee, 
Print the Entire Array. 


Format the Default Printer. 


Print Value in Variable. 
Clear the DVM (set to turn-on state), (SDC). 
Ends the Program. 


Note: Refer to Controller Manual for explanation of Option Base. 


A-5/A-6 


Product Line Sales/Support Key 


Key Product Line 
A Analytical 
CM Components 
C Computer Systems Sales only 
CH Computer Systems Hardware Sales & Services 
CS Computer Systems Software Sales & Services 
E Electronic Instruments & Measurement Systems 
M Medical Products 
MP Medical Products Primary SRO 
MS Medical Products Secondary SRO 
P Personal Computing Products 
* Sales only for specific product line 
Support only for specific product line 


IMPORTANT: These symbols designate general product line capability. They do not 
insure sales or support availability for all products within a line, at all locations. 
Contact your local sales office for information regarding locations where HP 
support is available for specific products. 


HP distributors are printed in italics. 


ANGOLA 

Telectra 

Empresa Técnica de Equipamentos 
Eléctricos, S.A.R.L. 


Melbourne, Victoria Office 
Hewlett-Packard Australia Pty.Ltd. 
31-41 Joseph Street 

BLACKBURN, Victoria 3130 


R. Barbosa Rodrigues, 41-1 DT. Tel: 89-6351 

Caixa Postal 6487 Telex: 31-024 

LUANDA Cable: HEWPARD Melbourne 

Tel: 355 15,355 16 A,CH,CM,CS,E,MS,P 

EMP Perth, Western Australia 
ARGENTINA Office 


Hewlett-Packard Australia Pty.Ltd. 
141 Stirling Highway 

NEDLANDS, W.A. 6009 

(effective 28 Sept. 1981: 

261 Stirling Highway 
CLAREMONT, W.A. 6010) 


Hewlett-Packard Argentina S.A. 
Avenida Santa Fe 2035 
Martinez 1640 BUENOS AIRES 
Tel: 798-5735, 792-1293 
Telex: 122443 AR CIGY 

Cable: HEWPACKARG 


Tel: 386-5455 

AE.CHCS,P Telex: 93859 

Biotron S.A.C.Ly.M Cable: HEWPARD Perth 

Av Paseo Colon 221, 9 Piso A,CH,CM,,E,MS,P 

1399 BUENOS AIRES 

Tel: 30-4846, 30-1851, 30-8384 | Sydney, New South Wales 

Telex: 17595 BION/AR Office 

M Hewlett-Packard Australia Pty.Ltd. 

Fate S.A. 1.C.| Electronica 17-23 Talavera Road 

wena S56 se recta ' S.W. 2113 

1095 BUENOS AIRES pipet rr 

Tel: 379026, 379027 aa, ORE 

ag 18137, 22754 ALVAR AR Cable: HEWPARD Sydney 
A,CH,CM,CS,E,MS,P 

AUSTRALIA AUSTRIA 

Adelaide, South Australia —_ Hewlett-Packard Ges.m.b.h. 

Office Grottenhofstrasse 94 


Hewlett-Packard Australia Pty.Ltd. Verkaufsburo Graz 


153 Greenhill Road A-8052 GRAZ 

PARKSIDE, S.A. 5063 Tel: 21-5-66 

Tel: 272-5911 Telex: 32375 

Telex: 82536 CH,CM,E* 

Cable: HEWPARD Adelaide Hewlett-Packard Ges.m.b.h. 

A*,CH,CM,,E,MS,P Wehlistrasse 29 

Brisbane, Queensland P.O. Box 7 

Office A-1205 VIENNA 

Hewlett-Packard Australia Pty.Ltd. Tel: (222) 35-16-210 

5th Floor Telex: 135823/135066 

Teachers Union Building A,CH,CM,CS,E,MS,P 

495-499 Boundary Street 

SPRING HILL, Queensland 4000 BAHRAIN 

Tel: 229-1544 Green Salon 

Telex: 42133 P.O. Box 557 

Cable: HEWPARD Brisbane BAHRAIN 

A.CH,CM,,E,MS,P Tel: 25503-250950 
Telex: 84419 


Canberra, Australia Capital p 
Territory Office 


Hewlett-Packard Australia Pty.Ltd. nee Piaromy 
P.0. Box 648 
121 Wollongong Street BAHRAIN 
FYSHWICK, A.C.T. 2609 Tel: 256123 
Tel: 80 4244 Telex: 62650 ae 
Cable: HEWPARD Canberra He ee a 


A*CH,CM,E,MS,P 


SALES & SUPPORT OFFICES 


Arranged alphabetically by country 


BELGIUM 

Hewlett-Packard Belgium S.A./N.V. 
Blvd de la Woluwe, 100 
Woluwedal 

B-1200 BRUSSELS 

Tel: (02) 762-32-00 

Telex: 23-494 paloben bru 
A,CH,CM,CS,E,MP,P 


BRAZIL 

Hewlett-Packard do Brasil |.e.C. 
Ltda. 

Alameda Rio Negro, 750 
ALPHAVILLE 06400 Barueri SP 
Tel: 421-1311 

Telex: 011 33872 

Cable: HEWPACK Sao Paulo 
A,CH,CM,CS,E,MS 
Hewlett-Packard do Brasil |.e.C. 
Ltda. 

Avenida Epitacio Pessoa, 4664 
22471 RIO DE JANEIRO-RJ 

Tel: 286-0237 

Telex: 021-21905 HPBR-BR 
Cable: HEWPACK Rio de Janeiro 
A,CH,CM,E,MS,P* 


CANADA 


Alberta 

Hewlett-Packard (Canada) Ltd. 
210, 7220 Fisher Street S.E. 
CALGARY, Alberta T2H 2H8 
Tel: (403) 253-2713 
A,CH,CM,E*,MS,P* 
Hewlett-Packard (Canada) Ltd. 
11620A- 168th Street 
EDMONTON, Alberta T5M 379 
Tel: (403) 452-3670 
A,CH,CM,CS,E,MS,P* 


British Columbia 
Hewlett-Packard (Canada) Ltd. 
10691 Shellbridge Way 
RICHMOND, British Columbia V6X 
2W7 

Tel: (604) 270-2277 

Telex: 610-922-5059 
A,CH,CM,CS,E*,MS,P* 


Manitoba 

Hewlett-Packard (Canada) Ltd. 
380-550 Century Street 
WINNIPEG, Manitoba R3H OY 1 
Tel: (204) 786-6701 
A,CH,CM,E,MS,P* 


New Brunswick 
Hewlett-Packard (Canada) Ltd. 

190 Wilbur Street 

MONCTON, New Brunswick E2B 2VQ 
Tel: (506) 386-1677 

Telex: 01931470 

CH** 


Nova Scotia 

Hewlett-Packard (Canada) Ltd. 
P.O. Box 931 

900 Windmill Road 

DARTMOUTH, Nova Scotia B2Y 326 
Tel: (902) 469-7820 

Telex: 01931470 

CH,CM,CS,E* ,MS,P* 


Ontario 

Hewlett-Packard (Canada) Ltd. 
552 Newbold Street 

LONDON, Ontario N6E 2S5 

Tel: (519) 686-9181 

Telex: 610-352-1201 
A,CH,CM,E* ,MS,P* 


Hewlett-Packard (Canada) Ltd. 
6877 Goreway Drive 
MISSISSAUGA, Ontario L4V 1M8 
Tel: (416) 678-9430 

Telex: 610-492-4246 
A,CH,CM,CS,E,MP,P 
Hewlett-Packard (Canada) Ltd. 
2670 Queensview Dr. 
OTTAWA, Ontario K2B 8K1 

Tel: (613) 820-6483 

Telex: 610-563-1636 
A,CH,CM,CS,E* ,MS,P* 


Quebec 

Hewlett-Packard (Canada) Ltd. 
17500 South Service Road 
Trans-Canada Highway 
KIRKLAND, Quebec H9J 2M5 
Tel: (514) 697-4232 

Telex: 05821521 
A,CH,CM,CS,E,MP,P* 
Hewlett-Packard (Canada) Ltd. 
Les Galeries du Vallon 

2323 Boulevard du Versant Nord 
STE. FOY, Quebec G1N 4C2 
Tel: (418) 687-4570 

CH 


CHILE 

Jorge Calcagni y Cia. Ltda. 
Arturo Burhle 065 

Casilla 16475 

SANTIAGO 9 

Tel: 222-0222 

Telex: Public Booth 0001 
A,CM,E,M 

Olympia (Chile) Ltd. 
Rodrico de Araya 1045 
Casilla 256-V 

SANTIAGO 21 

Tel: 225-5044 

Telex: 40565 OLYMP CL 
CP 


CHINA, People’s Republic 
of 

CEIEC Inc. 

44 Beiwei Ro. 

BEIJING, China 

Telex: 22475 CEIEC CN 
A,CH,CM,CS,E,P 


COLOMBIA 
Instrumentaci6n 

H. A. Langebaek & Kier S.A. 
Apartado Aéreo 6287 
BOGOTA 1, D.E. 
Carrera 7 No. 48-75 
BOGOTA, 2 D.E. 

Tel: 287-8877 

Telex: 44400 

Cable: AARIS Bogota 
A,CM,E,M,P 


COSTA RICA 

Cientifica Costarricense S.A. 
Avenida 2, Calle 5 

San Pedro de Montes de Oca 
Apartado 10159 

SAN JOSE 

Tel: 24-38-20, 24-08-19 
Telex: 2367 GALGUR 
CM,E,M 


CYPRUS 

Telerexa Ltd. 

P.0. Box 4809 

14C Stassinos Avenue 
NICOSIA 

Tel: 62698 

Telex: 2894 Levidocy 
EMP 


Ea 
a 


CZECHOSLOVAKIA 
Hewlett-Packard 

Obchoani Zastupitelstvi v CSSR 
Post. schranka 27 

CS-118 01 PRAHA 011 

Tel: 66-296 

Telex: 121353 IHC 


DENMARK 
Hewlett-Packard A/S 
Datavej 52 

OK-3460 BIRKEROD 
Tel: (02) 81-66-40 
Telex: 37409 hpas dk 
A,CH,CM,CS,E,MS,P 


Hewlett-Packard A/S 
Navervej 1 

DK-8600 SILKEBORG 
Tel: (06) 82-7 1-66 
Telex: 37409 hpas dk 
CH,CM,E 


ECUADOR 

CYEDE Cia. Ltda. 

Avenida Eloy Alfaro 1749 
Casilla 6423 CCI 

QUITO 

Tel: 450-975, 243-052 
Telex: 2548 CYEDE ED 
A,CM,E,P 

Hospitalar S.A. 

Robles 625 

Casilla 3590 

Quito 

Tel: 545-250, 545-122 
Telex: 2485 HOSPTL ED 
Cable: HOSPITALAR-Quito 
M 


EGYPT 

International Engineering Associates 
24 Hussein Hegazi Street 
Kasr-el-Aini 

CAIRO 

Tel: 23-829 

Telex: 93830 
CH,CS,E,M 

Informatic For Systems 
22 Talaat Harb Street 
CAIRO 

Tel: 759006 

Telex: 93938 FRANK UN 
CH,CS,P. 

Egyptian International Office 
for Foreign Trade 
P.0.Box 2558 

CAIRO 

Tel: 984935 

Telex: 93337 EGPOR 

Pp 


EL SALVADOR 

IPESA de El Salvador S.A. 
Boulevard de los Heroes 1148 
SAN SALVADOR 

Tel: 252787, 259621 

Telex: Public Booth 20107 
A,CH,CM,CS,E,P. 


FINLAND 
Hewlett-Packard Oy 
Revontulentie 7 
SF-02100 ESPOO 10 
Tel: (90) 455-0211 
Telex: 121563 hewpa sf 
A,CH,CM,CS,E,MS,P 


es 
a 


SALES & SUPPORT OFFICES 


Arranged alphabetically by country 


FRANCE 
Hewlett-Packard France 
Le Ligoures 

Bureau de Vente de Aix-en- 
Provence 

Place Romée de Villeneuve 
F-13090 AIX-EN-PROVENCE 
Tel: (42) 59-41-02 

Telex: 410770F 
A,CH,CM,E,MS,P* 
Hewlett-Packard France 
Boite Postale No. 503 
F-25026 BESANCON 

28 Rue de la Republique 
F-25000 BESANCON 

Tel: (81) 83-16-22 

CH,M 

Hewlett-Packard France 
Bureau de Vente de Lyon 
Chemin des Mouilles 

Boite Postale No. 162 
F-69130 ECULLY Cédex 
Tel: (78) 33-81-25 

Telex: 310617F 
A,CH,CM,CS,E,MP 
Hewlett-Packard France 
Immeuble France Evry 
Tour Lorraine 

Boulevard de France 
F-91035 EVRY Cédex 

Tel: (60) 77-96-60 

Telex: 6923 15F 

CME 

Hewlett-Packard France 
5th Avenue Raymond Chanas 
F-38320 EYBENS 

Tel: (76) 25-81-41 

Telex: 980124 HP GRENOB EYBE 
CH,CM 

Hewlett-Packard France 
Batiment Ampére 

Rue de la Commune de Paris 
Boite Postale 300 
F-93153 LE BLANC MESNIL 
Tel: (01) 865-44-52 

Telex: 211032F 
CH,CM,CS,E,MS 
Hewlett-Packard France 
Le Montesquieu 

Avenue du President JF Kennedy 
F-33700 MERIGNAC 

Tel: (56) 34-00-84 

Telex: 550105F 
CH,CM,E,MS 
Hewlett-Packard France 
32 Rue Lothaire 

F-57000 METZ 

Tel: (87) 65-53-50 

CH,CM 

Hewlett-Packard France 

3 Rue Julien Videment 
F-44200 NANTES 

Tel: (40) 48-09-44 

CH** 

Hewlett-Packard France 
Zone Industrielle de Courtaboeuf 


Avenue des Tropiques F-91947 Les 


Ulis Cédex ORSAY 

Tel: (1) 907-78-25 

Telex: 600048F 
A,CH,CM,CS,E,MP,P 
Hewlett-Packard France 
Paris Porte-Maillot 13, 15 25 
Boulevard De L’Amiral Bruix 
F-75782 PARIS Cédex 16 
Tel: (01) 502-12-20 

Telex: 613663F 
CH,CM,MS,P 


Hewlett-Packard France 
2 Allee de la Bourgonette 
F-35100 RENNES 

Tel: (99) 51-42-44 

Telex: 7409 12F 
CH,CM,E,MS,P* 
Hewlett-Packard France 
98 Avenue de Bretagne 
F-76100 ROUEN 

Tel: (35) 63-57-66 CH**,CS 
Hewlett-Packard France 
4 Rue Thomas Mann 
Boite Postale 56 
F-67200 STRASBOURG 
Tel: (88) 28-56-46 
Telex: 89014 1F 
CH,CM,E,MS,P* 
Hewlett-Packard France 
20 Chemin de la Cépiére 
F-31081 TOULOUSE Cédex 
Tel: (61) 40-11-12 
Telex: 53 1639F 
A,CH,CM,CS,E,P* 
Hewlett-Packard France 
Bureau de Vente de Lille 
Immeuble Péricentre 

Rue Van Gogh 

F-59650 VILLENEUVE D'ASQ 
Tel: (20) 91-41-25 

Telex: 160124F 
CH,CM,E,MS,P* 


GERMAN FEDERAL 
REPUBLIC 
Hewlett-Packard GmbH 
Technisches Buro Berlin 
Keithstrasse 2-4 

D- 1000 BERLIN 30 

Tel: (030) 24-90-86 

Telex: 018 3405 hpbin d 
A,CH,CM,E,M,P,X 
Hewlett-Packard GmbH 
Technisches BUro B&blingen 
Herrenberger Strasse 110 
D-7030 BOBLINGEN 

Tel: (07031) 667-1 


Telex: 07265739 bbn or 07265743 


A,CH,CM,CS,E,MP,P 
Hewlett-Packard GmbH 
Technisches BUro Dusseldorf 
Emanuel-Leutze-Strasse 1 
D-4000 DUSSELDORF 

Tel: (0211) 5971-1 

Telex: 085/86 533 hpdd d 
A,CH,CM,CS,E,MS,P 
Hewlett-Packard GmbH 
Vertriebszentrale Frankfurt 
Berner Strasse 117 
Postfach 560 140 

D-6000 FRANKFURT 56 

Tel: (0611) 50-04-1 

Telex: 04 13249 hpffm d 
A,CH,CM,CS,E,MP,P 
Hewlett-Packard GmbH 
Technisches BUro Hamburg 
Kapstadtring 5 

D-2000 HAMBURG 60 

Tel: (040) 63804-1 

Telex: 21 63 032 hphh d 
A,CH,CM,CS,E,MS,P 
Hewlett-Packard GmbH 
Technisches BUro Hannover 
Am Grossmarkt 6 

D-3000 HANNOVER 91 

Tel: (0511) 46-60-01 
Telex: 092 3259 
A,CH,CM,E,MS,P 


Hewlett-Packard GmbH 
Technisches BUro Mannheim 
Rosslauer Weg 2-4 

D-6800 MANNHEIM 

Tel: (621) 70050 

Telex: 0462105 

A,C,E 

Hewlett-Packard GmbH 
Technisches BUro Neu Ulm 
Messerschmittstrasse 7 
D-7910 NEU ULM 

Tel: 0731-70241 

Telex: 712816 HP ULM-D 
A,C,E* 

Hewlett-Packard GmbH 
Technisches BUro NUrnberg 
Neumeyerstrasse 90 
D-8500 NURNBERG 

Tel: (0911) 56-30-83 
Telex: 0623 860 
CH,CM,E,MS,P 
Hewlett-Packard GmbH 
Technisches BUro MUnchen 
Eschenstrasse 5 

D-8021 TAUFKIRCHEN 

Tel: (089) 6117-1 

Telex: 0524985 
A,CH,CM,E,MS,P 


GREAT BRITAIN 
Hewlett-Packard Ltd. 
Trafalgar House 
Navigation Road 
ALTRINCHAM 

Chesire WA14 1NU 
Tel: (061) 928-6422 
Telex: 668068 
A,CH,CS,E,M 
Hewlett-Packard Ltd. 
Oakfield House, Oakfield Grove 
Clifton 

BRISTOL BS8 2BN 

Tel: 36806 

Telex: 444302 
CH,CM,M,P 
Hewlett-Packard Ltd. 
14 Wesley Street 
CASTLEFORD 
Yorkshire WF10 1AE 
Tel: (0977) 550016 
Telex: 5557355 

CH 

Hewlett-Packard Ltd. 
Fourier House 
257-263 High Street 
LONDON COLNEY 
Herts., AL2 1HA 

Tel: (0727) 24400 
Telex: 1-89527 16 
CH,CS,E 
Hewlett-Packard Ltd 
Tradax House, St. Mary’s Walk 
MAIDENHEAD 
Berkshire, SL6 1ST 
Tel: (0628) 39151 
CH,CS,E,P 
Hewlett-Packard Ltd. 
308/314 Kings Road 
READING, Berkshire 
Tel: 61022 

Telex: 84-80-68 
CM,P 

Hewlett-Packard Ltd. 
Quadrangle 

106-118 Station Road 
REDHILL, Surrey 

Tel: (0737) 68655 
Telex: 947234 CH,CS,E 


Hewlett-Packard Ltd. 
Westminster House 

190 Stratford Road 
SHIRLEY, Solihull 

West Midlands B90 3BJ 
Tel: (021) 7458800 
Telex: 339105 

CH 


Hewlett-Packard Ltd. 
King Street Lane 
WINNERSH, Wokingham 
Berkshire RG11 5AR 
Tel: (0734) 784774 
Telex: 847178 
A,CS,E,M 


GREECE 

Kostas Karaynnis S.A. 

8 Omirou Street 

ATHENS 133 

Tel: 32-30-303, 32-37-371 
Telex: 21 59 62 RKAR GR 
A,CH,CM,CS,E,M,P 
PLAISIO S.A. 

G. Gerardos 

24 Stournara Street 
ATHENS 

Tel: 36-11-160 

Telex: 21 9492 

P 


GUATEMALA 

IPESA 

Avenida Reforma 3-48 
GUATEMALA 9 

Tel: 316627, 314786 
Telex: 4192 TELETRO GU 
A,CH,CM,CS,E,M,P 


HONG KONG 


Hewlett-Packard Hong Kong, Ltd. 


G.P.0. Box 795 

5th Floor, Sun Hung Kai Centre 
30 Harbour Road 

HONG KONG 

Tel: 5-8323211 

Telex: 66678 HEWPA HX 
Cable: HP ASIA LTD Hong Kong 
E,CH,CS,P 

Schmidt & Co. (Hong Kong) Ltd. 
Wing On Centre, 28th Floor 
Connaught Road, C. 

HONG KONG 

Tel: 5-455644 

Telex: 74766 SCHMX HX 

A.M 


ICELAND 

Elding Trading Company Inc. 
Hafnarnvoli-Tryggvagotu 
P.O. Box 895 

IS-REYKJAVIK 

Tel: 1-58-20, 1-63-03 

M 


INDIA 

Blue Star Ltd. 

11 Magarath Road 
BANGALORE 560 025 
Tel: 55668 

Telex: 0845-430 
Cable: BLUESTAR 
A,CH,CM,CS,E 

Blue Star Ltd. 
Band Box House 
Prabhadevi 
BOMBAY 400 025 
Tel: 422-3101 
Telex: 011-3751 
Cable: BLUESTAR 
A\M 


Blue Star Ltd. 

Sahas 

414/2 Vir Savarkar Marg 
Prabhadevi 

BOMBAY 400 025 

Tel: 422-6155 

Telex: 011-4093 

Cable: FROSTBLUE 
A,CH,CM,CS,E,M 

Blue Star Ltd. 

Kalyan, 19 Vishwas Colony 
Alkapuri, BORODA, 390 005 
Tel: 65235 

Cable: BLUE STAR 

A 


Blue Star Ltd. 

7 Hare Street 
CALCUTTA 700 001 
Tel: 12-01-31 

Telex: 021-7655 
Cable: BLUESTAR 
A.M 

Blue Star Ltd. 

133 Kodambakkam High Road 
MADRAS 600 034 

Tel: 82057 

Telex: 041-379 
Cable: BLUESTAR 
A,M 

Blue Star Ltd. 
Bhandari House, 7th/8th Floors 
91 Nehru Place 

NEW DELHI 110 024 
Tel: 682547 

Telex: 031-2463 
Cable: BLUESTAR 
A,CH,CM,CS,E,M 

Blue Star Ltd. 

15/16:C Wellesley Rad. 
PUNE 411011 

Tel: 22775 

Cable: BLUE STAR 

A 


Blue Star Ltd. 

1-1-117/1 Sarojini Devi Road 
SECUNDERABAD 500 033 
Tel: 70126 

Telex: 0155-459 

Cable: BLUEFROST 

AE 

Blue Star Ltd. 

T.C. 7/603 Poornima 
Maruthankuzhi 
TRIVANDRUM 695 013 
Tel: 65799 

Telex: 0884-259 

Cable: BLUESTAR 

E 


INDONESIA 

BERCA Indonesia P.T. 
P.0.Box 496/JKT. 

Jl. Abdul Muis 62 
JAKARTA 

Tel: 373009 

Telex: 46748 BERSAL IA 
Cable: BERSAL JAKARTA 
Pp 


BERCA Indonesia P. T. 
Wisma Antara Bidg., 17th floor 
JAKARTA 

A,CS,E,M 

BERCA Indonesia P.T. 

P.0. Box 174/SBY. 

Jl. Kutei No. 11 

SURABAYA 

Tel: 68172 

Telex: 31146 BERSAL SB 
Cable: BERSAL-SURABAYA 
A‘E.M,P 


IRAQ 

Hewlett-Packard Trading S.A. 
Mansoor City 9B/3/7 
BAGHDAD 

Tel: 551-49-73 

Telex: 2455 HEPAIRAQ IK 
CH,CS 


IRELAND 
Hewlett-Packard Ireland Ltd. 
Kestrel House 
Clanwilliam Court 
Lower Mount Street 
DUBLIN 2, Eire 

Tel: 680424, 680426 
Telex: 30439 
A,CH,CM,CS,E,M,P 
Cardiac Services Ltd. 
Kilmore Road 

Artane 

DUBLIN 5, Eire 

Tel: (01) 35 1820 
Telex: 30439 

M 


ISRAEL 

Electronics Engineering Division 
Motorola Israel Ltd. 

16 Kremenetski Street 

P.O. Box 25016 

TEL-AVIV 67899 

Tel: 3-338973 

Telex: 33569 Motil IL 

Cable: BASTEL Tel-Aviv 
A,CH,CM,CS,E,M,P 


ITALY 

Hewlett-Packard Italiana S.p.A. 
Traversa 99C 

Giulio Petrone, 19 

|-70124 BARI 

Tel: (080) 41-07-44 

M 

Hewlett-Packard Italiana S.p.A. 
Via Martin Luther King, 38/111 
|-40132 BOLOGNA 

Tel: (051) 402394 

Telex: 511630 

CH,CM,E,MS 

Hewlett-Packard Italiana S.p.A. 
Via Principe Nicola 43G/C 

1-95 126 CATANIA 

Tel: (095) 37-10-87 

Telex: 970291 C,P 
Hewlett-Packard Italiana S.p.A. 
Via G. Di Vittorio 9 

|-20063 CERNUSCO SUL NAVLIGLIO 
Tel: (2) 903691 

Telex: 334632 
A,CH,CM,CS,E,MP,P 
Hewlett-Packard Italiana S.p.A. 
Via Nuova san Rocco A 
Capodimonte, 62/A 

|-80131 NAPOLI 

Tel: (081) 7413544 
A,CH,CM,E 


Hewlett-Packard Italiana S.p.A. 
Viale G. Modugno 33 

|-16156 GENOVA PEGLI 

Tel: (010) 68-37-07 E,C 
Hewlett-Packard Italiana S.p.A. 
Via Turazza 14 

|-35100 PADOVA 

Tel: (49) 664888 

Telex: 430315 

A,CH,CM,E,MS 
Hewlett-Packard Italiana S.p.A. 
Viale C. Pavese 340 

1-00144 ROMA 

Tel: (06) 54831 

Telex: 610514 
A,CH,CM,CS,E,MS,P* 


Hewlett-Packard Italiana S.p.A. 
Corso Giovanni Lanza 94 
|-10133 TORINO 

Tel: (011) 682245, 659308 
Telex: 221079 

CH,CM,E 


JAPAN 
Yokogawa-Hewlett-Packard Ltd. 
Inoue Building 

1-1348-3, Asahi-cho 

ATSUGI, Kanagawa 243 

Tel: (0462) 24-0451 

CM,C*,E 
Yokogawa-Hewlett-Packard Ltd. 
Sannomiya-Daiichi Seimei-Bidg. 5F 
69 Kyo-machi Chuo-ku 

KOBE 650 

Tel: (078) 392-4791 

CE 

Yokogawa-Hewlett-Packard Ltd. 
Kumagaya Asahi Yasoji Bldg 4F 
3-4 Chome Tsukuba 
KUMAGAYA, Saitama 360 

Tel: (0485) 24-6563 

CH,CM,E 
Yokogawa-Hewlett-Packard Ltd. 
Mito Mitsui Building 

1-4-73, San-no-maru 

MITO, Ibaragi 310 

Tel: (0292) 25-7470 

CH,CM,E 
Yokogawa-Hewlett-Packard Ltd. 
Sumitomo Seimei Nagoya Bidg. 
11-2 Shimo-sasajima-cho 
Nakamura-ku 

NAGOYA, Aichi 450 

Tel: (052) 571-5171 
CH,CM,CS,E,MS 
Yokogawa-Hewlett-Packard Ltd. 
Chuo Bidg., 4th Floor 

5-4-20 Nishinakajima, 5-chome 
Yodogawa-ku 

OSAKA, 532 

Tel: (06) 304-6021 

Telex: YHPOSA 523-3624 
A,CH,CM,CS,E,MP,P* 
Yokogawa-Hewlett-Packard Ltd. 
3-29-21 Takaido-Higashi 3-chome 
Suginami-ku 

TOKYO 168 

Tel: (03) 331-6111 

Telex: 232-2024 YHPTOK 
A,CH,CM,CS,E,MP,P* 
Yokogawa-Hewlett-Packard Ltd. 
3-30-4 Tsuruya-cho 
Kanagawa-ku, 

YOKOHAMA Kanagawa, 221 

Tel: (045) 312-1252 

CH,CM,E 


JORDAN 

Mouasher Cousins Company 
P.0. Box 1387 

AMMAN 

Tel: 24907, 39907 

Telex: 21456 SABCO JO 
CH,E,M,P 


KENYA 

ADCOM Lid., Inc. 

City House, Wabera Street 
P.0.Box 30635 

NAIROBI 

Tel: 331955 

Telex: 22639 

EM 


KOREA 

Samsung Electronics 
Industrial Products Div. 
76-561 Yeoksam-Dong 
Kangnam-Ku 

C.P.0. Box 2775 

SEOUL 

Tel: 555-7555, 555-5447 
Telex: K27364 SAMSAN 
A,CH,CM,CS,E,M,P 


KUWAIT 

Al-Khalidya Trading & Contracting 
P.0. Box 830 Safat 
KUWAIT 

Tel: 42-4910, 41-1726 
Telex: 2481 Areeg kt 
CHEM 

Photo & Cine Equipment 
P.O. Box 270 Satat 
KUWAIT 

Tel: 42-2846, 42-3801 
Telex: 2247 Matin 

P 


LEBANON 
G.M. Dolmadjian 
Achrafieh 

P.O. Box 165.167 
BEIRUT 

Tel: 290293 

MP 


LUXEMBOURG 


Hewlett-Packard Belgium S.A./N.V. 


Blvd de la Woluwe, 100 
Woluwedal 

B-1200 BRUSSELS 

Tel: (02) 762-32-00 

Telex: 23-494 paloben bru 
A,CH,CM,CS,E,MP,P 


MALAYSIA 
Hewlett-Packard Sales (Malaysia) 
Sdn. Bhd. 

Suite 2.21/2.22 
Bangunan Angkasa Raya 
Jalan Ampang 

KUALA LUMPUR 

Tel: 483544 

Telex: MA31011 
A,CH,E,M,P* 

Protel Engineering 

Lot 319, Satok Road 
P.0.Box 1917 

Kuching, SARAWAK 

Tel: 53544 

Telex: MA 70904 PROMAL 
Cable: PROTELENG 

AEM 


MALTA 

Philip Toledo Ltd. 
Natabile Rd. 

MRIEHEL 

Tel: 447 47, 455 66 
Telex: MW.649 

P 


MEXICO 

Hewlett-Packard Mexicana, S.A. de 
CV. 

Avenida Periferico Sur No. 6501 
Tepepan, Xochimilco 

MEXICO CITY 23, D.F. 

Tel: (905) 676-4600 

Telex: 017-74-507 
A,CH,CS,E,MS,P 

Hewlett-Packard Mexicana, S.A. de 
CV. 

Rio Volga 600 

Colonia del Valle 

MONTERREY, N.L. 

Tel: 78-42-93, 78-42-40, 78-42-41 
Telex: 038-410 

CH 


MOROCCO 
Dolbeau 

81 rue Karatchi 
CASABLANCA 

Tel: 304 1-82, 3068-38 
Telex: 23051, 22822 
E 


Gerep 

2 rue d'Agadir 

Boite Postale 156 
CASABLANCA 

Tel: 272093, 272095 
Telex: 23 739 

P 


NETHERLANDS 
Hewlett-Packard Nederland B.V. 
Van Heuven Goedhartlaan 121 
NL 1181KK AMSTELVEEN 

P.0. Box 667 

NL1080 AR AMSTELVEEN 

Tel: (20) 47-20-21 

Telex: 13 216 
A,CH,CM,CS,E,MP,P 
Hewlett-Packard Nederland B.V. 
Bongerd 2 

NL 2906VK CAPPELLE, A/D ljessel 
P.O. Box 41 

NL2900 AA CAPELLE, |issel 

Tel: (10) 51-64-44 

Telex: 21261 HEPAC NL 
A,CH,CM,CS 

Koning en Hartman Electrotechnick 
B.V. 

Koperwerf 30 

2544 En den Haag 

The NETHERLANDS 

Tel: 070-210101 

Telex: 31528 

CM 


NEW ZEALAND 
Hewlett-Packard (N.Z.) Ltd. 
169 Manukau Road 

P.O. Box 26-189 

Epsom, AUCKLAND 

Tel: 687-159 

Cable: HEWPACK Auckland 
CH,CM,E,P* 
Hewlett-Packard (N.Z.) Ltd. 
4-12 Cruickshank Street 
Kilbirnie, WELLINGTON 3 

P.O. Box 9443 

Courtenay Place, WELLINGTON 
Tel: 877-199 

Cable: HEWPACK Wellington 
CH,CM,E,P 

Northrop Instruments & Systems 
Ltd. 

369 Khyber Pass Road 
P.0. Box 8602 

AUCKLAND 

Tel: 794-091 

Telex: 60605 

AM 


Northrop Instruments & Systems 
Ltd. 

110 Mandeville St. 

P.0. Box 8388 

CHRISTCHURCH 

Tel: 486-928 

Telex: 4203 
A.M 

Northrop Instruments & Systems 
Ltd. 

Sturdee House 

85-87 Ghuznee Street 

P.0. Box 2406 

WELLINGTON 

Tel: 850-091 

Telex: NZ 3380 
A,M 


NORTHERN IRELAND 
Cardiac Services Company 
95A Finaghy Road South 
BELFAST BT 10 OBY 

Tel: (0232) 625-566 

Telex: 747626 

M 


NORWAY 
Hewlett-Packard Norge A/S 
Folke Bernadottesvei 50 
P.0. Box 3558 

N-5033 FYLLINGSDALEN (BERGEN) 
Tel: (05) 16-55-40 

Telex: 16621 hpnas n 
CH,CM,E 

Hewlett-Packard Norge A/S 
Oesterndalen 18 

P.O. Box 34 

N-1345 OESTERAAS 

Tel: (02) 17-11-80 

Telex: 16621 hpnas n 
A*,CH,CM,E,MS,P 


OMAN 

Khimjl Ramdas 

P.O. Box 19 

MUSCAT 

Tel: 72-22-17, 72-22-25 

Telex: 3289 BROKER MB MUSCAT 
P 


PAKISTAN 

Mushko & Company Ltd. 
10, Bazar Road 

Sector G-6/4 

ISLAMABAD 

Tel: 26875 

Cable: FEMUS Rawalpindi 
AEM 

Mushko & Company Ltd. 
Oosman Chambers 
Abdullah Haroon Road 
KARACHI 0302 

Tel: 511027, 512927 
Telex: 2894 MUSKO PK 
Cable: COOPERATOR Karachi 
A,E,M,P* 


PANAMA 

Electrénico Balboa, S.A. 
Calle Samuel Lewis 
Apartado 4929 

Panama 5 

Edificio “Alfa” No. 2 
CIUDAD DE PANAMA 

Tel: 64-2700 

Telex: 0383 ELECTRON PG 
A,CM,E,M,P 


[2] 
| 


es se 


a 
a 


SALES & SUPPORT OFFICES 


Arranged alphabetically by country 


PANAMA (Con't.) 
Foto Internacional, S.A. 
Free Zone Colon 

Apartado 2068 

COLON 3 

Tel: 45-2333 

Telex: 379 8626, 386 8722 
P 


PERU 

Cla Electro Médica S.A. 

Los Flamencos 145, San Isidro 
Casilla 1030 

LIMA 1 

Tel: 41-4325, 41-3703 

Telex: Pub. Booth 25306 
A,CM,E,M,P 


PHILIPPINES 

The Online Advanced Systems 
Corporation 

Rico House, Amorsolo Cor. Herrera 
Street 

Legaspi Village, Makati 

P.O. Box 1510 

Metro MANILA 

Tel: 85-35-81, 85-34-91, 85-32-21 
Telex: 3274 ONLINE 

A,CH,CS,E,M 

Electronic Specialists and 
Proponents Inc. 

690-B Epifanio de los Santos 
Avenue 

Cubao, QUEZON CITY 

P.0. Box 2649 Manila 

Tel: 98-96-81, 98-96-82, 98-96-83 
Telex: 40018, 42000 ITT GLOBE 
MACKAY BOOTH 

P 


POLAND 

Buro Intormasji Technicznej 
Hewlett-Packard 

UI Stawki 2, 6P 

PLOO-950 WARSZAWA 

Tel: 39-59-62, 39-67-43 
Telex: 812453 hepa pl 


PORTUGAL 
SOQUIMICA 

Av. da Libedade 220-2 
P- 1298 LISBOA Codex 
Tel: 56 21 81, 56 21 82 
Telex: 13316 


Telectra-Empresa Técnize. de 
Equipmentos Eléctricos S.a.r.l. 
Rua Rodrigo da Fonseca 103 
P.O. Box 2531 

P-LISBON 1 

Tel: (19) 68-60-72 

Telex: 12598 

CH,CS,E,P 

Mundinter 

Intercambio Mundial de Comércio 
Sarl 

P.0. Box 2761 

Avenida Antonio Augusto de Aguiar 
138 

P-LISBON * 

Tel: (19) 53-21-31, 53-21-37 
Telex: 16691 munter p 

M 


PUERTO RICO 
Hewlett-Packard Puerto Rico 
P.0. Box 4407 

CAROLINA, Puerto Rico 00630 
Calle 272 Edificio 203 

Urb. Country Club 

RIO PIEDRAS, Puerto Rico 00924 
Tel: (809) 762-7255 

Telex: 345 0514 

A,CH,CS 


QATAR 

Nasser Trading & Contracting 
P.O. Box 1563 

DOHA 

Tel: 22170 

Telex: 4439 NASSER 

M 


Computearabia 

P.O. Box 2570 

DOHA 

Tel: 329515 

Telex: 4806 CHPARB 
P 


ROMANIA 

Hewlett-Packard Reprezentanta 
Boulevard Nicolae Balcescu 16 
BUCURESTI 

Tel: 130725 

Telex: 10440 


SAUDI ARABIA 

Modern Electronic Establishment 
P.O. Box 193 

AL-KHOBAR 

Tel: 44-678, 44-813 

Telex: 670136 

Cable: ELECTA AL-KHOBAR 
CH,CS,E,M,P 

Modern Electronic Establishment 
P.0. Box 1228, Baghdadiah Street 
JEDDAH 

Tel: 27-798 

Telex: 401035 

Cable: ELECTA JEDDAH 
CH,CS,E,M,P 

Modern Electronic Establishment 
P.0. Box 2728 

RIYADH 

Tel: 62-596, 66-232 

Telex: 202049 

CH,CS,E,M,P 


SCOTLAND 
Hewlett-Packard Ltd. 
Royal Bank Buildings 
Swan Street 

BRECHIN, Angus, Scotland 
Tel: 3101, 3102 

CH,CM 

Hewlett-Packard Ltd. 
SOUTH QUEENSFERRY 
West Lothian, EH30 9GT 
GB-Scotland 

Tel: (031) 3311000 
Telex: 72682 
A,CH,CM,CS,E,M 


SINGAPORE 
Hewlett-Packard Singapore (Pty.) 
Ltd. 

P.0. Box 58 Alexandra Post Office 
SINGAPORE, 9115 

6th Floor, Inchcape House 
450-452 Alexandra Road 
SINGAPORE 0511 

Tel: 631788 

Telex: HPSGSO RS 34209 
Cable: HEWPACK, Singapore 
A,CH,CS,E,MS,P 


SOUTH AFRICA 
Hewlett-Packard South Africa (Pty.) 
Ltd. 

P.O. Box 120 

Howard Place 

Pine Park Center, Forest Drive, 
Pinelands 

CAPE PROVINCE 7450 

Tel: 53-7955, 53-7956, 53-7957 
Telex: 57-0006 

A,CH,CM,E,MS,P 


Hewlett-Packard South Africa (Pty.) 
Ltd. 

P.O. Box 37099 

Overport 

DURBAN 4067 

Tel: 28-4178, 28-4179, 28-4110 
CH,CM 

Hewlett-Packard South Africa (Pty.) 
Ltd. 

P.O. Box 33345 

Glenstantia 0010 TRANSVAAL 

1st Floor East 

Constantia Park Ridge Shopping 
Centre 

Constantia Park 

PRETORIA 

Tel: 01298-1126 

Telex: 32163 

CH,E 

Hewlett-Packard South Africa (Pty.) 
Ltd. 

Private Bag Wendywood 

SANDTON 2144 

Tel: 802-5111, 802-5125 

Telex: 89-84782 

Cable: HEWPACK Johannesburg 
A,CH,CM,CS,E,MS,P 


SPAIN 

Hewlett-Packard Espafiola S.A. 
c/Entenza, 321 

E-BARCELONA 29 

Tel: (3) 322-24-51, 321-73-54 
Telex: 52603 hpbee 
A,CH,CM,CS,E,MS,P 
Hewlett-Packard Espafiola S.A. 
c/San Vicente S/N 

Edificio Albia II,7 B 

E-BILBAO 1 

Tel: (944) 423-8306, 423-8206 
A,CH,CM,E,MS 
Hewlett-Packard Espafiola S.A. 
Calle Jerez 3 

E-MADRID 16 

Tel: 458-2600 

Telex: 23515 hpe 

A,CM,E 

Hewlett-Packard Espafiola S.A. 
c/o Costa Brava 13 

Colonia Mirasierra 

E-MADRID 34 

Tel: 734-8061, 734-1162 
CH,CS,M 

Hewlett-Packard Espafiola S.A. 
Av Ramén y Cajal 1-9 

Edificio Sevilla 1, 

E-SEVILLA 5 

Tel: 64-44-54, 64-44-58 
Telex: 72933 

A,CM,CS,MS,P 
Hewlett-Packard Espafiola S.A. 
C/Ramon Gordillo, 1 (Entlo.3) 
E-VALENCIA 10 

Tel: 361-1354, 361-1358 
CH,CM,P 


SWEDEN 

Hewlett-Packard Sverige AB 

Enighetsvagen 3, Fack 

P.O. Box 20502 

S-16120 BROMMA 

Tel: (08) 730-0550 

Telex: (854) 10721 MESSAGES 

Cable: MEASUREMENTS 
STOCKHOLM 

A,CH,CM,CS,E,MS,P 


Hewlett-Packard Sverige AB 
Sunnanvagen 14K 

$-22226 LUND 

Tel: (46) 13-69-79 

Telex: (854) 10721 (via BROMMA 
office) 

CH,CM 


Hewlett-Packard Sverige AB 
Vastra Vintergatan 9 

S-70344 OREBRO 

Tel: (19) 10-48-80 

Telex: (854) 10721 (via BROMMA 
office) 

CH,CM 


Hewlett-Packard Sverige AB 
Frotallisgatan 30 

S-42132 VASTRA-FROLUNDA 

Tel: (031) 49-09-50 

Telex: (854) 10721 (via BROMMA 
office) 

CH,CM,E,P 


SWITZERLAND 
Hewlett-Packard (Schweiz) AG 
Clarastrasse 12 

CH-4058 BASLE 

Tel: (61) 33-59-20 

A,CM 

Hewlett-Packard (Schweiz) AG 
Bahnhoherweg 44 

3018 BERN 

Tel: (031) 56-24-22 

CH,CM 

Hewlett-Packard (Schweiz) AG 
47 Avenue Blanc 

CH- 1202 GENEVA 

Tel: (022) 32-30-05, 32-48-00 
CH,CM,CS 

Hewlett-Packard (Schweiz) AG 
29 Chemin Chateau Bloc 

CH- 1219 LE LIGNON-Geneva 
Tel: (022) 96-03-22 

Telex: 27333 hpag ch 

Cable: HEWPACKAG Geneva 
A,CM,E,MS,P 

Hewlett-Packard (Schweiz) AG 
Zurcherstrasse 20 

Allmend 2 

CH-8967 WIDEN 

Tel: (57) 50-111 

Telex: 59933 hpag ch 

Cable: HPAG CH 
A,CH,CM,CS,E,MS,P 


SYRIA 

General Electronic Inc. 

Nuri Basha-Ahnat Ebn Kays Street 
P.0. Box 5781 

DAMASCUS 

Tel: 33-24-87 

Telex: 11215 ITIKAL 

Cable: ELECTROBOR DAMASCUS 
E 


Middle East Electronics 
Place Azmé 

Boite Postale 2308 
DAMASCUS 

Tel: 334592 

Telex: 11304 SATACO SY 
MP 


TAIWAN 

Hewlett-Packard Far East Ltd. 
Kaohsiung Office 

2/F 68-2, Chung Cheng 3rd Road 
KACHSIUNG 

Tel: 241-2318, 261-3253 
E,MS,P 


Hewlett-Packard Far East Ltd. 
Taichung Office 

#33, Cheng Tr Rd. 

10th Floor, Room 5 
TAICHUNG 

Tel: (042) 289274 


Hewlett-Packard Far East Ltd. 
Taiwan Office 

5th Floor 

205 Tun Hwa North Road 
TAIPEI! 

Tel:(02) 751-0404 
Cable:HEWPACK Taipei 
A,CH,CS,E,MS,P 

Ing Lih Trading Co. 

3rd Floor 18, Po-Al Road 
TAIPEI (100) 

Tel: (02) 311-1914 
Cable: INGLIH TAIPE/ 

A 


THAILAND 

Unimesa 

30 Patpong Ave., Suriwong 
BANGKOK 5 

Tel: (234-09 1) (234-092) 
Telex: TH 81160, TH 81038 
Cable: UNIMFSA Bangkok 
A,C,E,M 

Bangkok Business Equipment Ltd. 
5/5-6 Dejo Road 

BANGKOK 

Tel: 234-8670, 234-8671 
Telex: 87669-BEQUIPT TH 
Cable: BUSIQUIPT Bangkok 
Pp 


TRINIDAD & TOBAGO 
Caribbean Telecoms Ltd. 

50/A Jerningham Avenue 

P.0. Box 732 

PORT-OF-SPAIN 

Tel: 624-4213, 624-4214 
Telex: 3235, 3272 HUGCO WG 
A,CM,E,M,P 


TUNISIA 

Tunisie Electronique 

31 Avenue de la Liberte 
TUNIS 

Tel: 280-144 

EP 

Corema 

1 ter. Av. de Carthage 
TUNIS 

Tel: 253-821 

Telex: 12319 CABAM TN 
M 


TURKEY 

Teknim Company Ltd. 
/ran Caddesi No. 7 
Kavaklidere, ANKARA 
Tel: 275800 

Telex: 42155 

E 


EMA. 

Medina Eldem Sokak No.4 1/6 
Yuksel Caddesi 

ANKARA 

Tel: 175 622 

MP 


UNITED ARAB EMIRATES 
Emitac Ltd. 

P.0. Box 1641 

SHARJAH 

Tel: 354121, 354123 

Telex: 68136 Emitac SL 
CH,CS,E,M,P 


_ UNITED KINGDOM 
see: GREAT BRITAIN 
NORTHERN IRELAND 
SCOTLAND 


UNITED STATES 


Alabama 
Hewlett-Packard Co. 
700 Century Park South 
Suite 128 

BIRMINGHAM, AL 35226 
Tel: (205) 822-6802 
CH,CM,MP 
Hewlett-Packard Co. 
P.O. Box 4207 

8290 Whitesburg Drive, S.E. 
HUNTSVILLE, AL 35802 
Tel: (205) 881-4591 
CH,CM,CS,E,M* 


Alaska 

Hewlett-Packard Co. 

1577 “C” Street, Suite 252 
ANCHORAGE, AK 99510 
Tel: (206) 454-3971 
CH*,CM 


Arizona 
Hewlett-Packard Co. 
2336 East Magnolia Street 
PHOENIX, AZ 85034 

Tel: (602) 273-8000 
A,CH,CM,CS,E,MS 
Hewlett-Packard Co. 
2424 East Aragon Road 
TUCSON, AZ 85702 

Tel: (602) 889-4631 
CH,CM,E,MS* * 


Arkansas 

tewlett-Packard Co. 

P.0. Box 5646 

Brady Station 

LITTLE ROCK, AR 72215 

Tel: (501) 376-1844, (501) 664- 
8773 

CM,MS 


California 
Hewlett-Packard Co. 

99 South Hill Dr. 
BRISBANE, CA 94005 
Tel: (415) 330-2500 
CH,CM,CS 
Hewlett-Packard Co. 
7621 Canoga Avenue 
CANOGA PARK, CA 91304 
Tel: (213) 702-8300 
A,CH,CM,CS,E,P 
Hewlett-Packard Co. 
1579 W. Shaw Avenue 
FRESNO, CA 93771 

Tel: (209) 224-0582 
CM,MS 

Hewlett-Packard Co. 
1430 East Orangethorpe 
FULLERTON, CA 92631 
Tel: (714) 870-1000 
CH,CM,CS,E,MP 
Hewlett-Packard Co. 
5400 W. Rosecrans Boulevard 
LAWNDALE, CA 90260 
P.O. Box 92105 

LOS ANGELES, CA 90009 
Tel: (213) 970-7500 
CH,CM,CS,MP 


Hewlett-Packasd Co. 

~~3y39 Lankershim Blvd. 
NORTH HOLLYWOOD, CA 91604 
Tel: (213) 877-1282 
Regional Headquarters 


Hewlett-Packard Co. 

3200 Hillview Avenue 
PALO ALTO, CA 94304 

Tel: (415) 857-8000 
CH,CM,CS,E 
Hewlett-Packard Co. 

646 W. North Market Boulevard 
SACRAMENTO, CA 95834 
Tel: (916) 929-7222 
A*,CH,CM,CS,E,MS 
Hewlett-Packard Co. 

9606 Aero Drive 

P.O. Box 23333 SAN DIEGO, CA 
92123 

Tel: (714) 279-3200 
CH,CM,CS,E,MP 
Hewlett-Packard Co. 

Suite A 

5553 Hollister 

SANTA BARBARA, CA 93111 
Tel: (805) 964-3390 
Hewlett-Packard Co. 

3003 Scott Boulevard 
SANTA CLARA, CA 95050 
Tel: (408) 988-7000 
A,CH,CM,CS,E,MP 


Colorado 
Hewlett-Packard Co. 

24 Inverness Place, East 
ENGLEWOOD, CO 80112 
Tel: (303) 771-3455 
A,CH,CM,CS,E,MS 


Connecticut 
Hewlett-Packard Co. 

47 Barnes Industrial Road South 
P.0. Box 5007 

WALLINGFORD, CT 06492 

Tel: (203) 265-7801 
A,CH,CM,CS,E,MS 


Florida 
Hewlett-Packard Co. 
P.O. Box 24210 

2727 N.W. 62nd Street 
FORT LAUDERDALE, FL 33309 
Tel: (305) 973-2600 
CH,CM,CS,E,MP 
Hewlett-Packard Co. 
4080 Woodcock Drive, #132 
Brownett Building 
JACKSONVILLE, FL 32207 
Tel: (904) 398-0663 
CM,C*,E*,MS** 
Hewlett-Packard Co. 
P.0. Box 13910 

6177 Lake Ellenor Drive 
ORLANDO, FL 32809 

Tel: (305) 859-2900 
A,CH,CM,CS,E,MS 
Hewlett-Packard Co. 
6425 N. Pensacola Blvd. 
Suite 4, Building 1 
PENSACOLA, FL 32575 
Tel: (904) 476-8422 
A,CM,MS 
Hewlett-Packard Co. 

110 South Hoover, Suite 120 
Vanguard Bidg. 

TAMPA, FL 33609 

Tel: (813) 872-0900 
A*,CH,CM,CS,E*,M* 


Georgia 
Hewlett-Packard Co. 
P.O. Box 105005 
2000 South Park Place 
ATLANTA, GA 30339 
Tel: (404) 955-1500 
Telex: 810-766-4890 
A,CH,CM,CS,E,MP 


Hewlett-Packard Co. 
Executive Park Suite 306 
P.O. Box 816 

AUGUSTA, GA 30907 

Tel: (404) 736-0592 
CM,MS 


Hewlett-Packard Co. 

P.O. Box 2103 

1172 N. Davis Drive 
WARNER ROBINS, GA 31098 
Tel: (912) 923-8831 

CME 


Hawaii 

Hewlett-Packard Co. 
Kawaiahao Plaza, Suite 190 
567 South King Street 
HONOLULU, HI 96813 

Tel: (808) 526-1555 
A,CH,CM,E,MS 


Idaho 

Hewlett-Packard Co. 
11311 Chinden Boulevard 
BOISE, ID 83707 

Tel: (208) 376-6000 
CH,CM,M* 


Ilinois 

Hewlett-Packard Co. 

211 Prospect Road 
BLOOMINGTON, IL 61701 
Tel: (309) 663-0383 
CH,CM,MS** 
Hewlett-Packard Co. 

1100 31st Street 
DOWNERS GROVE, IL 60515 
Tel: (312) 960-5760 
CH,CM,CS 
Hewlett-Packard Co. 

5201 Tollview Drive 
ROLLING MEADOWS, IL 60008 
Tel: (312) 255-9800 
A,CH,CM,CS,E,MP 


Indiana 

Hewlett-Packard Co. 

P.0. Box 50807 

7301 No. Shadeland Avenue 
INDIANAPOLIS, IN 46250 

Tel: (317) 842-1000 
A,CH,CM,CS,E,MS 


lowa 
Hewlett-Packard Co. 
5815 S.W. 5th Street 
DES MOINES, IA 50315 
Tel: (515) 243-5876 
CH,CM,MS** 
Hewlett-Packard Co. 
2415 Heinz Road 
IOWA CITY, IA 52240 
Tel: (319) 351-1020 
CH,CM,E* MS. 


Kansas 
Hewlett-Packard Co. 
1644 S. Rock 
WICHITA, KA 67207 
Tel: (316) 265-5200 
CH,CM 


Kentucky 
Hewlett-Packard Co. 
10170 Linn Station Road 
Suite 525 

LOUISVILLE, KY 40223 
Tel: (502) 426-0100 
A,CH,CM,CS,MS 


Louisiana 
Hewlett-Packard Co. 
P.O. Box 1449 

3229 Williams Boulevard 
KENNER, LA 70062 

Tel: (504) 443-6201 
A,CH,CM,CS,E,MS 


Maryland 
Hewlett-Packard Co. 
7121 Standard Drive 
HANOVER, MD 21076 
Tel: (301) 796-7700 
A,CH,CM,CS,E,MS 
Hewlett-Packard Co. 
2 Choke Cherry Road 
ROCKVILLE, MD 20850 
Tel: (301) 948-6370 
Telex: 710-828-9685 
A,CH,CM,CS,E,MP 


Massachusetts 
Hewlett-Packard Co. 
32 Hartwell Avenue 
LEXINGTON, MA 02173 
Tel: (617) 861-8960 
A,CH,CM,CS,E,MP 


Michigan 
Hewlett-Packard Co. 
23855 Research Drive 
FARMINGTON HILLS, Mi 48024 
Tel: (313) 476-6400 
A,CH,CM,CS,E,MP 
Hewlett-Packard Co. 
4326 Cascade Road S.E. 
GRAND RAPIDS, MI 49506 
Tel: (616) 957-1970 
CH,CM,CS,MS 


Minnesota 
Hewlett-Packard Co. 
2025 W. Larpenteur Ave. 
ST. PAUL, MN 55113 

Tel: (612) 644-1100 
A,CH,CM,CS,E,MP 


Mississippi 
Hewlett-Packard Co. 
P.0. Box 5028 

322 N. Mart Plaza 
JACKSON, MS 39216 
Tel: (601) 982-9363 
CM,MS 


Missouri 
Hewlett-Packard Co. 
11131 Colorado Avenue 
KANSAS CITY, MO 64137 
Tel: (816) 763-8000 
Telex: 910-77 1-2087 
A,CH,CM,CS,E,MS 
Hewlett-Packard Co. 
1024 Executive Parkway 
ST. LOUIS, MO 63141 
Tel: (314) 878-0200 
A,CH,CM,CS,E,MP 


Nebraska 
Hewlett-Packard 

7101 Mercy Road 
Suite 101, IBX Building 
OMAHA, NE 68106 

Tel: (402) 392-0948 
CM,MS 


Nevada 
Hewlett-Packard Co. 
Suite D-130 

5030 Paradise Blvd. 
LAS VEGAS, NV 89119 
Tel: (702) 736-6610 
CM,MS** 


New Jersey 
Hewlett-Packard Co. 
Crystal Brook Professional Building 
Route 35 

EATONTOWN, NJ 07724 
Tel: (201) 542-1384 
A*,CM,C*,E*,P* 
Hewlett-Packard Co. 
W120 Century Road 
PARAMUS, NJ 07652 
Tel: (201) 265-5000 
A,CH,CM,CS,E,MP 


Ls 
a 


Hewlett-Packard Co. 

60 New England Av. West 
PISCATAWAY, NJ 08854 
Tel: (201) 981-1199 
A,CH,CM,CS,E 


New Mexico 
Hewlett-Packard Co. 

P.0. Box 11634 

11300 Lomas Blvd.,N.E. 
ALBUQUERQUE, NM 87123 
Tel: (505) 292-1330 
Telex: 910-989-1185 
CH,CM,CS,E,MS 


New York 
Hewlett-Packard Co. 

5 Computer Drive South 
ALBANY, NY 12205 

Tel: (518) 458-1550 
Telex: 710-444-4691 
A,CH,CM,E,MS 
Hewlett-Packard Co. 
9600 Main Street 
CLARENCE, NY 14031 
Tel: (716) 759-8621 
Telex: 710-523-1893 
CH 

Hewlett-Packard Co. 
200 Cross Keys Office 
FAIRPORT, NY 14450 
Tel: (716) 223-9950 
Telex: 510-253-0092 
CH,CM,CS,E,MS 
Hewlett-Packard Co. 
No. 1 Pennsylvania Plaza 
55th Floor 

34th Street & 8th Avenue 
NEW YORK, NY 10119 
Tel: (212) 971-0800 
CH,CM,CS,E*,M* 
Hewlett-Packard Co. 
5858 East Molloy Road 
SYRACUSE NY 13211 
Tel: (315) 455-2486 
A,CH,CM,E,MS 
Hewlett-Packard Co. 

3 Crossways Park West 
WOODBURY, NY 11797 
Tel: (516) 921-0300 
Telex: 510-221-2183 
A,CH,CM,CS,E,MS 


North Carolina 
Hewlett-Packard Co. 
P.O. Box 15579 

2905 Guess Road (27705) 
DURHAM, NC 27704 

Tel: (919) 471-8466 
CM 

Hewlett-Packard Co. 
5605 Roanne Way 
GREENSBORO, NC 27409 
Tel: (919) 852-1800 
A,CH,CM,CS,E,MS 


Ohio 

Hewlett-Packard Co. 
9920 Carver Road F 
CINCINNATI, OH 45242 «, 
Tel: (513) 891-9870 
CH,CM,CS,MS 
Hewlett-Packard Co. 
16500 Sprague Road 
CLEVELAND, OH 44130 
Tel: (216) 243-7300 
Telex: 810-423-9430 
A,CH,CM,CS,E,MS 
Hewlett-Packard Co. 

962 Crupper Ave. 
COLUMBUS, OH 43229 
Tel: (614) 436-1041 
CH,CM,CS,E* 


et 
© 


Ohio (Con’t) 
Hewlett-Packard Co. 
330 Progress Rd. 
DAYTON, OH 45449 
Tel: (513) 859-8202 
A,CH,CM,E* ,MS 


Oklahoma 
Hewlett-Packard Co. 

P.O. Box 366 

1503 W. Gore Blvd., Suite #2 
LAWTON, OK 73502 

Tel: (405) 248-4248 

c 

Hewlett-Packard Co. 

P.O. Box 32008 

304 N. Meridan Avenue, Suite A 
OKLAHOMA CITY, OK 73107 
Tel: (405) 946-9499 
A*,CH,CM,E*,MS 
Hewlett-Packard Co. 

Suite 121 

9920 E. 42nd Street 

TULSA, OK 74145 

Tel: (918) 665-3300 
A**,CH,CM,CS,M* 


Oregon 
Hewlett-Packard Co. 
1500 Valley River Drive, Suite 330 
EUGENE, OR 97401 

Tel: (503) 683-8075 

Cc 

Hewlett-Packard Co. 
9255 S. W. Pioneer Court 
WILSONVILLE, OR 97070 
Tel: (503) 682-8000 
A,CH,CM,CS,E* MS 


Pennsylvania 
Hewlett-Packard Co. 

1021 8th Avenue 

King of Prussia Industrial Park 
KING OF PRUSSIA, PA 19406 
Tel: (215) 265-7000 

Telex: 510-660-2670 
A,CH,CM,CS,E,MP 
Hewlett-Packard Co. 

111 Zeta Drive 
PITTSBURGH, PA 15238 
Tel: (412) 782-0400 
A,CH,CM,CS,E,MP 


South Carolina 
Hewlett-Packard Co. 

P.0. Box 6442 

6941-0 N. Trenholm Road 
COLUMBIA, SC 29260 

Tel: (803) 782-6493 
CH,CM,E,MS 
Hewlett-Packard Co. 

814 Wade Hampton Blvd. 
Suite 10 

GREENVILLE, SC 29609 
Tel: (803) 232-0917 

Cc 


Tennessee 
Hewlett-Packard Co. 
P.O. Box 22490 
224 Peters Road 
Suite 102 
KNOXVILLE, TN 37922 
Tel: (615) 691-2371 
A*,CH,CM,MS 
Hewlett-Packard Co. 
3070 Directors Row 
MEMPHIS, TN 38131 
Tel: (901) 346-8370 
A,CH,CM,MS 


Hewlett-Packard Co. 

Suite 103 

478 Craighead Street 
NASHVILLE, TN 37204 
Tel: (615) 383-9136 
CM,MS* * 


Texas 
Hewlett-Packard Co. 
Suite 310W 

7800 Shoalcreek Blvd. 
AUSTIN, TX 78757 

Tel: (512) 459-3143 
CME 

Hewlett-Packard Co. 
Suite C-110 

4171 North Mesa 

EL PASO, TX 79902 
Tel: (915) 533-3555 
CH,CM,E*,MS* * 
Hewlett-Packard Co. 
5020 Mark IV Parkway 
FORT WORTH, TX 76106 
Tel: (817) 625-6361 
CM,C* 
Hewlett-Packard Co. 
P.0. Box 42816 
10535 Harwin Street 
HOUSTON, TX 77036 
Tel: (713) 776-6400 
A,CH,CM,CS,E,MP 
Hewlett-Packard Co. 
3309 67th Street 

Suite 24 

LUBBOCK, TX 79413 
Tel: (806) 799-4472 
M 


Hewlett-Packard Co. 
P.O. Box 1270 

930 E. Campbell Rd. 
RICHARDSON, TX 75081 
Tel: (214) 231-6101 
A,CH,CM,CS,E,MP 
Hewlett-Packard Co. 
205 Billy Mitchell Road 
SAN ANTONIO, TX 78226 
Tel: (512) 434-8241 
CH,CM,CS,E,MS 


Utah 

Hewlett-Packard Co. 

3530 W. 2100 South Street 
SALT LAKE CITY, UT 84119 
Tel: (801) 974-1700 
A,CH,CM,CS,E,MS 


Virginia 

Hewlett-Packard Co. 

P.O. Box 9669 

2914 Hungary Spring Road 
RICHMOND, VA 23228 

Tel: (804) 285-3431 
A,CH,CM,CS,E,MS 
Hewlett-Packard Co. 

P.O. Box 4786 

3110 Peters Creek Road, N.W. 
ROANOKE, VA 24015 

Tel: (703) 563-2205 
CH,CM,E** 
Hewlett-Packard Co. 

P.O. Box 12778 

5700 Thurston Avenue 
Suite 111 

VIRGINIA BEACH, VA 23455 
Tel: (804) 460-2471 
CH,CM,MS 


Washington 
Hewlett-Packard Co. 
15815 S.E. 37th Street 
BELLEVUE, WA 98006 
Tel: (206) 643-4000 
A,CH,CM,CS,E,MP 
Hewlett-Packard Co. 
Suite A 

708 North Argonne Road 
SPOKANE, WA 99206 
Tel: (509) 922-7000 
CH,CM,CS 


SALES & SUPPORT OFFICES 


Arranged alphabetically by country 


West Virginia 
Hewlett-Packard Co. 

4604 MacCorkle Ave., S.E. 
CHARLESTON, WV 25304 
Tel: (304) 925-0492 
A,CM,MS 


Wisconsin 
Hewlett-Packard Co. 

150 S. Sunny Slope Road 
BROOKFIELD, WI 53005 
Tel: (414) 784-8800 
A,CH,CM,CS,E* ,MP 


URUGUAY 

Pablo Ferrando S.A.C. e.l. 
Avenida Italia 2877 

Casilla de Correo 370 
MONTEVIDEO 

Tel: 80-2586 

Telex: Public Booth 901 
A,CM,E,M 

Guillermo Kraft del Uruguay S.A. 
Av. Lib. Brig. Gral. Lavalleja 2083 
MONTEVIDEO 

Tel: 234588, 234808, 208830 
Telex: 6245 ACTOUR UY 

P 


U.S.S.R. 

Hewlett-Packard Co. 
Representative Office 
Pokrovsky Blvd. 4/17 KV12 
MOSCOW 101000 Tel: 294-2024 
Telex: 7825 HEWPACK SU 


VENEZUELA 

Hewlett-Packard de Venezuela C.A. 
Apartado 50933 

3A Transversal Los Ruices Norte 
Edificio Segre 

CARACAS 1071 

Tel: 239-4133 

Telex: 25146 HEWPACK 
A,CH,CS,E,MS,P 


YUGOSLAVIA 
Iskra-Commerce-Representation of 
Hewlett-Packard 

Sava Centar Delegacija 30 
Milentija Popovica 9 

11170 BEOGRAD 

Tel: 638-762 

Telex: 12042, 12322 YU SAV CEN 


Iskra-Commerce-Representation of 
Hewlett-Packard 

Koprska 46 

61000 LJUBLJANA 

Tel: 321674, 315879 

Telex: 


ZAIRE 

Computer & Industrial Engineering 
25 Avenue de la Justice 

B.P. 10-976 

Kinshasha /Zaire 

GOMBE 

Tel: 32063 

Telex: 21-457 SGEKIN ZR 

CH,CS 


ZIMBABWE 

Field Technical Sales 
45 Kelvin Road, North 
P.B. 3458 

SALISBURY 

Tel: 705 231 

Telex: 4-122 RH 
C.E.M,P 


FOR COUNTRIES AND 
AREAS NOT LISTED: 


CANADA 

Ontario 

Hewlett-Packard (Canada) Ltd. 
6877 Goreway Drive 
MISSISAUGA, Ontario L4V 1M8 
Tel: (416) 678-9430 

Telex: 610-492-4246 


EASTERN USA 
Maryland 
Hewlett-Packard Co. 
4 Choke Cherry Road 
Rockville, MD 20850 
Tel: (301) 258-2000 


MIDWESTERN USA 
Illinois 

Hewlett-Packard Co. 

5201 Tollview Drive 
ROLLING MEADOWS, IL 60008 
Tel: (312) 255-9800 


SOUTHERN USA 
Georgia 
Hewlett-Packard Co. 

P.O. Box 105005 

450 Interstate N. Parkway 
ATLANTA, GA 30339 

Tel: (404) 955-1500 


WESTERN USA 
California 
Hewlett-Packard Co. 
3939 Lankersim Blvd. 
LOS ANGELES, CA 91604 
Tel: (213) 877-1282 


EUROPEAN AREAS NOT 
LISTED, CONTACT 
SWITZERLAND 
Hewlett-Packard S.A. 

7 Rue du Bois-du-Lan 

CH-1217 MEYRIN 2, Switzerland 
Tel: (022) 83-81-11 

Telex: 27835 hpse 

Cable: HEWPACKSA Geneve 


EAST EUROPEAN AREAS 
NOT LISTED, CONTACT 
AUSTRIA 

Hewlett-Packard Ges.m.b.h. 
Wehlistrasse 29 

P.O. Box 7 

A-1205 VIENNA 

Tel: (222) 35- 16-210 

Telex: 135823/135066 


MEDITERRANEAN AND 
MIDDLE EAST AREAS 
NOT LISTED, CONTACT 
GREECE 

Hewlett-Packard S.A. 
Mediterranean & Middle East 
Operations 

32 Kifisias Ave. 

Atrina Center 

PARADISOS, Amaroussion 

Tel: 808-1741-4 

Telex: 21-6588 HPAT GR 
Cable: HEWPACKSA Athens 


INTERNATIONAL AREAS 
NOT LISTED, CONTACT 
OTHER AREAS 
Hewlett-Packard Co. 
Intercontinental Headquarters 
3495 Deer Creek Road 

PALO ALTO, CA 94304 

Tel: (415) 857-1501 

Telex: 034-8300 

Cable: HEWPACK 


FOR COUNTRIES AND 
AREAS NOT LISTED, 
CONTACT: 


AFRICA 


NORTHERN AND CENTRAL 
AFRICA 


SWITZERLAND 
Hewlett-Packard S.A. 

7 Rue du Bois-du-Lan 
CH-1217 MEYRIN 2, Switzerland 
Tel: (022) 98-96-51 

Telex: 27835 hpse 

Cable: HEWPACKSA Geneve 


ASIA 


HONG KONG 
Hewlett-Packard Asia Ltd. 

6th Floor, Sun Hung Kai Center 
30 Harbor Rd. 

G.P.0. Box 795 

HONG KONG 

Tel: 5-832 3211 

Telex: 66678 HEWPA HX 
Cable: HP ASIA LTD Hong Kong 


EUROPE 
EASTERN EUROPE 


AUSTRIA 
Hewlett-Packard Ges.m.b.h. 
Wehlistrasse 29 

P.0.Box 7 

A-1205 VIENNA 

Tel: (222) 35- 16-210 
Telex: 135823/135066 


NORTHERN EUROPE 


THE NETHERLANDS 
Hewlett-Packard S.A. 
Uilenstede 475 

NL-1183 AG AMSTELVEEN, The 
Netherlands 

P.0.Box 999 

NL-1180 AZ AMSTELVEEN, The 
Netherlands 

Tel: 20 437771 


SOUTH EASTERN EUROPE 


SWITZERLAND 
Hewlett-Packard S.A. 

7 Rue du Bois-du-Lan 

CH-1217 MEYRIN 2, Switzerland 
Tel: (022) 98-96-51 

Telex: 27835 hpse 

Cable: HEWPACKSA Geneve 
(Offices in the World Trade Center) 


MEDITERRANEAN AND 
MIDDLE EAST 


GREECE 

Hewlett-Packard S.A. 
Mediterranean and Middle East 
Operations 

Atrina Centre 

32 Kifissias Ave. 
Amaroussion, ATHENS, Greece 
Tel: 808-0359 808-0429 
Telex: 21-6588 

Cable: HEWPACKSA Athens 


OTHER INTERNATIONAL 
AREAS 

Hewlett-Packard Co. 
Intercontinenta! '...dquarters 
3495 Deer Creek Road 92“ 
PALO ALTO, CA 94304 

Tel: (415) 857-1501 

Telex: 034-8300 

Cable: HEWPACK 

August 1981 5952-6900 
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